DOCUMENT RESUME 



ED 290 629 



SE 048 860 



AUTHOR 
TITLE 

INSTITUTION 

SPONS AGENCY 
PUB DATE 
GRANT 
NOTE 

PUB TYPE 

EDRS PRICE 
DESCRIPTORS 



Sowder , Larry 

Concept-Driven Strategies for Solving Problems in 

Mathematics. Final Project Report. 

San Diego State Univ., CA. Center for Research in 

Mathematics and Science Education. 

National Science Foundation, Washington, D.C. 

Jan 88 

MDR-855016S; MDR-8696130 

143p.; Appendix 2 contains small type. 

Reports - Descriptive (141) 

MF01/PC06 Plus Postage. 

Computation; *Curriculum Development; Curriculum 
Evaluation; Elementary Education; *Elementary School 
Mathematics; Instructional Materials; Material 
Development ; Mathematical Applications; ^Mathematics 
Curriculum; Mathematics Education ; Mathematics 
Instruction; *Mathematics Materials; Problem Sets; 
^Problem Solving; Teaching Methods; *Word Problems 
(Mathematics) 



ABSTRACT 

This project was based on recent interview research 
which suggested that in choosing operations for story problems in 
mathematics many students are guided by computational considerations 
rather than meanings for the operations. This project aimed to refine 
the catalogue of strategies used by students and to design and test 
instructional materials intended to foster a concept-based approach 
to story problems among sixth graders. In the first year of the 
project (1985-86) students were interviewed, textbooks analyzed, a 
teaching experiment was conducted, and materials were developed and 
refined. During the second year materials were tried out, further 
textbook analysis was conducted and additional student interviews 
were conducted. The major sections included in this report are: (1) 
the catalogue of strategies used by students in solving story 
problems; (2) what textbooks offer; (3) the teaching experiment with 
sixth graders; (4) the development of the supplementary materials; 
(5) the try-out of the materials; and (6) the spin-off studies. Four 
appendixes contain: a list of presentations and publications based on 
the project; the Story Problem Supplement; and reports to 
participating teachers of grades 8 and 6 concerning results of the 
experiment. (PK) 
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PROJECT OVERVIEW 

The basis for the project Ly in recent interview work which suggested that in choosing operations 
for story problems in mathematics many students are guided by computational considerations rather 
than meanrgs for the operations. The project aimed to refine the catalogue of strategies used by 
students ana to design and test instructional materials intended to foster a concept-based approach to 
story problems among sixth graders. 

Year 1 (1985-86). Interviews of sixth graders supplemented earlier work to give a ca:a!ogue of 
strategies used by students. The analysis of textbooks was begun to see what conceptual background 
one could expect from the usual curriculum. A teaching experiment with a small group of sixth graders 
provided the basis for materials development; the materials were refined with the aid of a sixth grade 
tea:her during summer, 1986. A supplementary study, prompted by a consultant (B. Greer) and 
relevant literature, examined whether U.S. ninth graders in algebra classes showed evidence of one 
particular strategy. 

Year 2 (1986-87). The materials developed during Year 1 were tried out in schools in Illinois 
and California. Fur* a: textbook analysis showed that some with recent copyrights are giving more 
attention to language for the operations that earlier books did. Since whole numbers were the focus of 
Year 1 work, during Year 2 interviews with eighth graders were carried out to see whether students use 
concepts of operati ms with rational numbers in a variety of forms. Another spin-off study (in 
connection with D. McLeod's project) explored affect associated with the solution of story problems. 

These parts of the project are addressed in the following sections of this report: 

The Catalogue of Strategies Used by Students in Solving Story Problems 
What Textbooks Offer 

The Teaching Experiment with Sixth Graders 

The Development of the Supplementary Materials 

The Try-out of the Materials 

The Spin-off Studies 

Nonconservation of Operation in American Algebra Students 
Searching for Affect in the Solution of Story Problems in Mathematics 

Some concluding remarks close this report. 



THE CATALOGUE OF STRATEGIES USED BY STUDENTS 
IN SOLVING STORY PROBLEMS 

Interviews of sixth and eighth graders confirmed earlier indications (Sowder, Threadgill-Sowder, 
Moyer, & Moyer, 1983) that many students use disappointing strategies in approaching story 
problems. Although each strategy listed was observed during the interviews of this project and the 
earlier studies, researchers have commented on various ones (e.g., Greer, 1987, Greer & Mangan, 
1984; Kalmykova, 1975; Lester & Garofalo, 1982, 1987; Noddings, 1983; Sherrill, 1983; Sowder, 
Threadgill-Sowder, Moyer, & Moyer, 1983; Stevenson, 1925; Trafton, 1984). The list does show the 
variety of ways in which students may be attempting to reach solutions tc story problems. 

Twenty-nine classrooms of students were first given paper-pencil tests of story problems (see 
Appendices III and IV for item summaries). Results on these tests, along with consultation with the 
teachers involved, were the basis for selection of students to be interviewed. Interviews in the earlier 
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work had shown that users of the most immature strategies were unlikely to give revealing interviews. 
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users of such strategies (e.g., students who always added). Thus the bulk of the more-than-70 
interviews (collectively, across this project and the earlier ones) were conducted with average and 
above-average students. 

Here is the catalogue of the strategies, roughly in ascending oidei of sophistication, with a few 
comments (adapted from "Aspects of Solving Routine Story Problems;" see Appendix I). 

1. Find the numbers and add (or multiply or subtract...; the choice may be dictated by what has 
taken place in class recently or cy what operation the student fee!s most competent at doing;. 

2. Guess at the operation to be used. 

3. Look at the numbers; they will "tell" you v/hich operation to use (e.g., "...if it's like, 78 and 
maybe 54, then I'd probably either adi or multiply. But [78 and] 3, it looks like a division 
because of the size of the numbers"). 

4. Try all the operations and choose the most reasonable answer. 

5. Look for isolated "key" words or phrases to tell which operations to use (e.g., "all together" 
means to add). 

6. Decide whether the answer should be L -ger or smaller than the given numbers. If larger, try 
both addition and multiplication and choose the more reasonable answer. If smaller, try both 
subtraction and divisior and choose the more reasonable answer. 

7. Choose the operation whose meaning fks the story. 

The firsi four strategies, of course, are not taught znd would be amusing if they were not used by 
real learners. Although most often the students who use these strategies are not successful students, 
there are exceptions. One seventh grader in a gifted program used strategy 4, her computational facility 
made the strategy feasible with one-step problems. 

Strategies 4-6 do involve at least a bit of number sense, a minimal semantic piocessing, and a very 
minimal awareness of the meanings for the operations. The key-word strategy (#5) unfortunately is 
occasionally taught by well-ueaning teachers who are not aware of its defects. Sherrill (1983) noted a 
"pervasive" use of this key-word strategy in an interview study, and Nesher and Teubal (1975) found 
that even primary school children were using key words. Note that although strategies 4 and 6 may be 
effective with some whole numbers, they are less likely to be successful when largo whole numbers, 
fractions, or decimals for which the student has less number sense are involved. 

All but the last strategy (#7) are extremely difficult to apply to multistep problems. Hence there are 
implications for National Assessment of Educational Progress findings (Carpenter, Corbitt, Kepner, 
Lindquist, & Reys, 1980; Carpenter, Matthews, Lindquist, & Silver, 1984; NAEP, 1983): The 
relatively good performance on one-step problems in NAEP testings may be specious, and we have a 
possible explanation for the relatively poor performance on more complicated problems - reliance on 
these immature strategies. 

What was most disappointing was the rarity of th^ meaning-based strategy 7. In the interviews, 
even students who made correct choices of operations iarely could give any justification for 'heir choice 
of operation. '1 just know" was a coinmon explanation, as was a recital of why the other operations 
would not give correct solutions (usually based on the anticipated size of the answer). Zv;er in her 
report of her interview work on problem-solving with elementary school st dents (1979), noted that the 
then-typical curriculum did not provide the students with language with which to describe gene.icalh 
some corimon applications of the operations. This lack is being addressed in some current text senes, 
and it will be interesting to see whether this attention has a positive effect on the strategies used by 
students. 
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Although the overall findings from rhe interviews are dismaying, there is a positive note. Many 
students "shift gears" when confronted with a multi-step problem and, apparentlv realizing that the' 
immature strategies are inadequate, adopt some other strategies. What these strategies are, and whether 
the students indeed fall back on a meaning-based strategy, has been difficult to ascertain. There would 
seem to be profit in including many more multi-step problems in the curriculum. 

[See Appendix I for citations of project presentations or publications stemming from the work on 
strategies.] 



WHAT TEXTBOOKS OFFER 

Even without documentation it is fairly safe to assert that in most elementary classrooms the 
mathematics textbook "carries" the curriculum. The degree to which textbooks, then, provide work 
with the ineanings for the operations is of direct pertinence to a study of student strategies. Little or no 
provision for conceptual underpinnings could result in the adoption of immature strategies by default. 

While it is difficult to generalize about all text series, the picture appears to be improving slightly. 
In preparing the proposal for this project, I reviewed three text series that were fairly representative of 
those on the market. In one series, 9 pages of the grade 3 text, with roughly 56 demonstrated exercises 
and student exercises, could be said to give some conceptual background for multiplication, in the sense 
that it was possible to use given drawings to determine producr. For division, the counts were 8 pages 
and 39 exercises. Very little additional work on concept development for multiplication and division, 
however, appeared in grades 4-6! Only two pages of the grade 4 text would allow the reader to attach 
meaning to multiplication by giving drawings which could show a meaning of multiplication, \,ith 
about the same in the grade 5 and 6 texts. There was even less work for a concept of division in the 
grade 4-6 texts. Although one mhht claim that the many story problems in the texts no doubt added to 
the students' concepts, it seems as likely that, without being forearmed with sufficient conceptual 
background, students would flounder and by default resort to immature strategies. 

The slightly positive side of the picture is that some - but not all - recent text series are providing 
somewhat more conceptual work, at least in grades 3-6. A small amount of picture-based work is 
often included in grades beyond grade 3, perhaps even so far as with 1 digit by 2 or 3 digit 
multiplication. There are also occasional calls for students to make up story problems. Some texts also 
provide verbal support for the operations (e.g., putting together equal sets means you should multiply 
Still missing seem to be many exercises calling for the student to make a drawing for a given fact, for 
example. With a few exceptions the "translations" practiced most often originate in pictures or stories 
and end in symbols, rather tha 'he reverse (e.g„ make a drawing to show 2 x 4, or make up a story 
problem for 144 + 18). And, conceptual work for multiplication and division effractions and decimals 
is often skimpy or, if given, narrow in scope (e.g., only an area interpretation for the multiplication of 
fractions). 

THE TEACHING EXPERIMENT WITH SIXTH GRADERS 

A teaching experiment was carried out to study the feasibility of different ways to add meaning to 
the operations and to serve as a frisis for the materials development planned In September, 1985, 1 
met with consultant B. Greer (a psychologist who has worked with story problems) to review his work 
and that of other Europeans (e.g., Bell, Fischbein, & Greer, 1984; Ekenstam & Greger, 1983; 
Fischbein, Deri, Nello, 2c Marino, 1985) and to seek his advice on the teaching experiment. 

Over a nine-week period in spring, 1986, 1 worked with a small group of seven sixth grade 
students (an eighth student joined the group late, on request). Work was scheduled for the last period 
of the day, was supplemental to the u ual mathematics class, and did not require homework, so I had 
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a fair monitoring of the wprk the students did. A group test given tc all of the sixth graders, along with 
consultation with the teachers, was used to identify students who could likely profit from the work. 
That is, neither mainstr*amed students nor the highest-scoring students were considered for the project. 
All the students invited to participate (with parent consent) agreed to do so: schedul jig difficulties for 
one student resulted in his joining the group late. I audiotaped the sessions and wrote a debriefing lug 
after each session. Teachers were given a weekly written synopsis >f the work we had done in the 
small group. 

The sessions varied in format, but each one focused on some aspect of meanings for the 
operations. For examples, students wrote story problems for given expressions like 150 + 25, worked 
with concrete materials (counters, money, bags of Tootsie rolls, discount store advertisements) to 
illustrate given expressions, and filled out worksheets. Discussion and defense or explanation of 
answers was common, in an effort both to have the students verbalize and to provide feedback to me on 
what was guiding their thinking. Calculators were used to carry out any computations. 

The following were the types of situations emphasized during the instruction. A chalkboard 
summary and later, their own reference sheet, for these links were frequently used by the students. 

Addition - known amounts pu f together 

Subtraction - a known amount taken away from a known amount 

- two amounts compared 
Multiplication - several amounts of the same size put together 

- "combinations" (= Cartesian product) 

- finding a part of an amount 
Division - how many 2s in 8? 

- if 8 are put equally into 2 amounts, how many are in each? 

There was not time for attention to missing addend subtraction and scaling multiplication. 

Cartesian product multiplicaticn was understandab'e to these students. On the other hand, making 
diagrams and matching given diagrams with numerical expressions were more difficult for them than I 
expected. For simple story problems, studeMs saw no value in making diagrams (nonroutine problems 
were used, therefore, in the materials developed). 

Although the intent of the teaching experiment was to try different teaching techniques without 
concern for a cumulative effec;, a small summative evaluadon was carried out by re-administering the 
paper-pencil story problem test used as the group pretest (with an added multipart problem). 
Performance on the pretest items improved an average of 17.8% (to 66.4% from 48.6%); without a 
control group it is difficult to gauge whether this improvement was due to the small gioup work. 



THE DEVELOPMENT OF THE SUPPLEMENTARY MATERIALS 

I met with consultants R. Brannan and D. Jungst in May, 1986, to review the teaching experiment, 
to react to psychologist B. Greer's comments, and to plan the development phase of the project. The 
advir * received there and the teaching experiment experience were utilized during the development of 
the preliminary materials during early summer, 1986. The reactions, direct assistance, and further 
advice of C. Meister (an elementary teacher) to the preliminary materials were used to refine them, and 
to guide the development of the Teacher Commentaries to accompany each sample lesson. The try-out 
form of the materials was labelled Story Problem Supplement (SPS). The SPS is included as 
Appendix II. 
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THE TRY-OUT OF THE MATERIALS 

Try-outs of the SPS took place in schools in Illinois and in California. As a result of a 
presentation on the project theme at the annual meeting of the Illinois Councii of Teachers of 
Mathematics (see Appendix I), several teachers expressed a desire to use any materials developed. 
These teachers were teaching primarily fourth grade cesses by the time the SPS was developed. Since 
the target audience was grade six students, the results from the Illinois schools were not analyzed. The 
pretest and posttest results for the students in these 12 classes were sent to the teachers, however. The 
Illinois teachers whose students showed the greatest improvement tended to be enthusiastic about the 
materials. Whiie this fact is encouraging, it must be noted that perhaps the teachers' enthusiasm for 
story problems, rather than the SPS, was the element responsible for the students' performance. 

The main try-out cf the SPS took place in the San Diego City Schools. Dr. Vance Mills, the 
district's mathematics and science coordinator, and Mrs. Corky Gray of his office were remarkably 
cooperative and helpful in locating mix of schools with teachers willing to help in the evaluation. 
Fourteen sixth grade teachers (and one fifth grade teacher, whose class results are not included in the 
analysis) in 13 schools agreed to work with the project. Pairs of schools could be identified as roughly 
equivalent in socio-economic status; two of the teachers were in the same school. The SPS was made 
available to seven of the teachers (the experimental classes), with the other seven classes serving as a 
control group. 

Control group teachers were asked to teach as they ordinarily would, whereas experimental group 
teachers were invited to use their choices from the SPS. I sent a mid-year memo to remind the teachers 
of the SPS and to offer assistance if they wanted any. Usage varie.. considerably, quantitatively from 
virtually all of the materials to only about 20% of die lessons and no doubt with equal variance 
qualitatively. Hence, the try-out can be considered a "weak" test of the materials, as opposed to a 
"strong" laboratory-like test, in which teachers would use prescribed parts of the materials in a 
prescribed sequence and a prescribed manner. 

In each class, a pretest was given in October, 1986, and repeated as a posuest in April, 1987 (the 
pretest could not be :cheduled within a reasonable time frame in one control class). These tests served 
to judge the equivalence of the experimental and control groups, to give a rough measure of the efficacy 
of the SPS, and to identify (with teacher help) students for the follow-up interviews. Results on the 
pretest and posttest are given by item in Appendix IV. These overall results and the scores of a 
teacher's students were given to the teacher as a report of the project; each control group teacher was 
also given a copy of the SPS. 

Tabie 1 on the next page gives class means for the control and experimental classes on both the 
pretest and the posttest for students taking both tests. (Recall that one control class did not take the 
pretest.) One immediately notes the variety of levels among the classes and the perhaps disappointing 
overall improvement in performance on story problems over the course of nearly a school year. 

The dubious equivalence of the control group and the experimental group also stands out; an 
analysis of variance of pretest scores verified that the two group means were different (observed 
F l,297 = 7 -6' P = 0.006). Hence, to adjust for this initial lack of equivalence, an analysis of 
covariance of the posttest scores, with pret^t score as covariate, was carried out (using the class as the 
unit) The results of this analysis are given in Table 2 (next page), along with the observed and 
adjusted means. Homogeneity of regression was verified (observed F = 0.03, p = 0.86). The results 
enable one to reject the hypothesis of equality of posttest performance, adjusted for pretest 
performance, between the control and the experimental groups. Hence, insofar as this statistical 
adjustment equates the two groups (a moot assertion, given the multitude of factors that enter into 
schooling), the experimental group did outperform the control group. 
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TABLE 1 

Pretest and Posttest Means for Control and Experimental Classes 
(Maximum score = 17) 



Class 


n 


Prrest Postte 


Control 








Class 31 


25 


6.8 


8.9 


Class 32 


16 


5.3 


6.4 


Class 33 


30 


9.6 


10.1 


Class 34 


17 


5.4 


7.6 


Class 35 


24 


5.6 


6.1 


Class 36 


14 


5.8 


6.2 


All control 


126 


6.7 




Experimental 








Class 40 


25 


11.0 


12.6 


Class 41 


17 


6.4 


7.5 


Class 42 


24 


7.5 


10.3 


Class 43 


24 


5.8 


9.9 


Class 44 


33 


11.0 


13.4 


Class 45 


26 


9.4 


11.5 


Class 46 


24 


2.8 


4.9 


All experimental 


173 


8.0 




AH students 


299 


7.4 





7.9 



10.3 
9.3 



TABLE 2 

Analysis of Covariance of Posttest Scores, 
with Pretest as Covariate, Class as Unit 



Source 


df 


Mean Sauare F Cnrohahilitv - ) 


Within 


10 


0.81 




Regression 


1 


57.55 


70.67 (0) 


Constant 


1 


6.38 


7.83 (0.019) 


Treatment 


1 


4.86 


5.96 (0.035) 


Grouo (n) 


Observed mean 


Adjusted mean 


Control (6) 




7.54 


8.18 


Experimental (7) 


10.02 


9.46 
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Although one can view the statistical analyses of the written tests as encouraging, the interview 
~— * ,k *' c vHcit ou^n uaia cue not uuMwortiiy u ones concern is now tne students arnve at 

their answers. Good scores on one-step story problems with whole numbers can result from the use 
of the immature strategies. (It should be pointed out that the tests used here did contain multistep 
P™ md problems with irrelevant data - see Appendix IV for the items.) A better test of whether 
the SPS was effective in getting students to use a concept-driven approach lay in :he interviews. 

As usual, performance on the posttest and teacher consultation were used to identify students for 
interviews. Since the premise of the project was that the use of a concept-driven strategy would give 
better performance, students who had shown a marked improvement over the year were singled out for 
consideration. For practical reasons, only 16 students could be interviewed (roughly one per classroom 
involved in the project). Interviews took place in May and June, 1937, with the posttest problems 
providing the primary basis for the interview, although as time permitted interviewees were asked about 
other problems. Students were told they had been picked because they had improved so much during 
the yeur and that we wanted to try to find out how they did story problems so we could perhaps bette^ 
help other students. 

There are occasions in the interviews when students seemed to be using conceptual understanding 
of the operations as a guide. Here are some examples: D 

-"Cause they sold this much and had to throw ;_.vay this much, and so, you'd probably 
add those together." 

-"...see, I figured that if he had a 200 inch board, and he has a piece that is 36 inches left, 
vou just subtract that..." 
- v '...so you have to, either add 36 twelve times or you can times 12 times 36." 
-Interviewer: "How come divide?" 

"You need to see how many, urn, how many 36 cents you can get into 6 dollars." 
-Inter .'ewer: "How come divide?" 
"Divide 90 by 6 to find out how many times 6 goes into 90." 

These positive signs are balanced by less encouraging evidence: 

-Interviewer: " A Now what made you think of this (subtraction)?" 

"Well, nothing else would work. Adding wouldn't work. Multiplying wouldn't work. 

So, and dividing wouldn't work, so right away that only left one thing.... 
-Interviewer: "Why did you think of divide?" 

"That's usually what I think of when I see a big number and a one-digit number I iust trv 
to divide." J J 

With only 16 interviews it is difficult to arrive at definite conclusions, of course. My impression from 
the interviews is that, despite some encouraging signs, a decided emphasis on meaning-driven 
approaches will be necessary to help students avoid relying on the immature strategies, ideally starting 
much earlier than grade six - certainly by grade three, when multiplication and division usually receive 
significant attention. Since the immature strategies are often successful in one-step story problems with 
whole numbers, they may become habituated and their success may work against the development of a 
meaning-driven strategy. 



THE SPIN-OFF STUDIES 

Two studies not in the original proposal arose naturally during the course of the project. Perhaps 
students naturally come to adopt concept-driven strategies as they progress through the curriculum and 
gain more experience in mathematics. If that were the case, then younger students' use of the immature 
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strategies would perhaps be not quite so worrisome. European work, however, has suggested that is 
not the case. Surprisingly, students who correctly decide that a particular operation wilf give the 
solution to a problem involving whole numbers may choose a different operation vhen the same 
problem is given with fractions or decimals less than 1 in place of the whoU numbers. For example, 
consider "A pound of cheese costs $2.46. How much will 3 pounds of the cheese cost?" A student 
who correctly chooses to multiply on that problem may choose a different operation when the "3 
pounds" is replaced with "0.82 pounds"! Such students arc apparently guided by this (unintended) 
precept from their whole-number work: Multiplication makes bigger, division makes smaller 
(MMBDMS, per Greer & Mangan, 1986), and can be labelled "nonconservers of operation' (Greer & 
Mangan, 1984). Since MMBDMS is associated with immature strategy 6, nonconservers are unlikely 
to be using a meaning-based strategy. The first spin-off study looked for evidence of nonconservation 
among the students in ten algebra classes. As many as 30% of the students showed regular evidence of 
nonconservation, with up to 46.6% showing at least occasional lapses. Hence, there is no automatic 
"cure" for the use of the immature strategies in the usual K-8 curriculum. See the "Nonconservation of 
Operation in American Algebra Students" citation in Appendix I for a fuller report of this study 

The second spin-off study was devoted to the difficult area of affect. There is no doubt that story 
problems carry a strong affective dimension, often negative, for many students. D. McLeod's NSF 
project called for other, on-going NSF projects on problem solving to attempt incorporate 
investigations of affect into their project work, so it was natural to review transcripts for evidence of 
affect and to attempt, in later interviews, to iden^fy elements of affect entering the solution of story 
problems. This effort was notably unsuccessful, perhaps because the earlier interviews were not 
concerned with affect and the later interviews were of eighth graders, for whom story problems may be 
so frmiliar as to not give clear-cut evidence of affect. Somewhat more successfully, a semantic 
differential instrument was devised and used with preservice elementary teachers in an effort to 
distinguish different degrees of affect within pairs of problems of the type used to test for 
nonconservation. See the "Searching for Affect in the Solution of Story Problems in Mathematics" 
citation in Appendix I for a fuller report of this study. 



CONCLUDING REMARKS 

1. The existence of the immature strategies should receive wider attention in preserve teacher 
preparation. Teachers must be aware of the weaknesses of the immature strategies, so that iney do not 
encourage or even teach them. Stronger instruction ?n using a meaning-based strategy for solving story 
problem:, is likely necessary for preservice teachers; Mangan (1986) found that changing a multiplier 
from a whole number to a decimal less than 1 resulted in a decrease on the order of 40% in a sample o f 
teachers-in-training ! 

2. The prevalence of the immature strategies demands a curricular response. The limited, 
although statistically significant, success of the supplementary materials suggests that, if meaning rather 
than computation is to guide our students in their approaches to story problems, earlier and more 
extensive attention must be given to meanings for the operations and to the utility of these meanings in 
choosing operations for story problem. Otherwise, students may use the immature strategies by 
default. 

The inclusion in the curriculum of many more multi-step problems, of problems involving 
irrelevant information, and of problems using "key words" in misleading ways is a relatively easy 
approach toward thwarting the success of the immature strategies - and hence dimming their 
attractiveness. 
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3. During the interviews, some students who were otherwise giving unenlightened performances 
gave the impression that, on encountering a multi-step problem, they abandoned the immature 
strategics. A one- step probletr -Ives a decision about four operations; MMBDMS quickly reduces 
that number to two. Eut a r problem is, a priori , much more complex; there are 4 x 3 = 12 
possible orderings of differt .rations as possible solution paths, obviously a much more difficult 
task even if deciding which opennds go where is ignored. If indeed students can "rise to the occasion" 
and call on cognitive resources not .ually used, perhaps their use of the immature strategies, while 
disappointing, is not so troublesome. Whether this "gear-shifting" does indeed exist, what provokes it, 
and whether many students use the immature strategies only as courses of least resistance are questions 
to be examined. 

4. When concrete materials of some son were used during the teaching experiment, the students 
noticeably "perked up." Hands-on work rather than sole reliance on paper and pencil and symbolic 
procedures nas been advocated for years; the teaching experiment supports that advocacy and suggests 
tha* motivation and perhaps meaning can be added to a lesson by the use of concrete materials. Indeed, 
a greater centrality of natural settings of all sorts in mathematics lessons would appear to diminish the 
gap between students' ability to compute and their ability to use the operations in the settings which 
story problems represent. 



Story F.oblems 




5. Why do students seem untroubled by their use of the immature strategies? It may be that they 
are completely unaware that more reliable means are available, *vhich is the tack this project has 
pursued. The work of D\ *ck and her colleagues (1987) is provocative in that it suggests another 
possible reason: Some students just v/ant to get answers, ethers want to understand (this is a 
paraphrase). Some students have surmounted a deficient curriculum and approach problems as we 
might wish they would. How are they different is it in their different orientation toward learning? 
While the current project has focused on a curricular approach, it may be that ar iditional, broader 
concern will also nee^ to be addressed: Hew can we get all students to want to understand? 
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APPENDIX I 
Presentations and Publications Based on the Project 



Presentations 



(1985, October). Strategies Students Use v^ith Story Problems. Presentation ar the annual meeting 
of the Illinois Council of Teachers of Mathematics, Normal, IL. 

(1986, April). Students' Strategies with Story Problems in Grades 6 and 7. Presentation at the 
annual meeting of the National Council of Teachers of Mathematics, Washington, D.C 

(1987, February). Concepts Needed for Solving Story Problems. Presentation at the annual 
meeting of the Greater San Diego Council of Teachers of Mathematics, San Diego, CA. 

(1987, April). Enriching Middle Grac^ Students' Problem Solving Approaches. Presentation at 
the annual meeting of the Nationa 1 Council of Teachers of Mathematics, Anaheim, CA. 

Presentations appearing in Proceedings 

(1986, September). Non-conservation of Operation in American Algebra Students. In 
Proceedings of the Eighth Annual Meeting of PME-NA . East Lansing, MI. 

(1986, July). Strategies Students Use in Solving Problems. In Proceedings of the Tenth 
International Conference of PME . London, England. 

Publications to appear 

To appear. Searching for affect in the solution of ^tory problems in mathematics. In D. McLeod 
(Ed.), Affect in Mathematical Problem Solving: A New Perspective . New York: Springer- 
Verlag. 

To appear. Aspects of solving routine story problems. In R. Charles & E. Silver (Eds.), The 
Research Agenda Project: He Teaching and Evaluation of Problem- Solving Reston, VA* 
National Council of Teachers of Mathematics and L. Erlbaum Associates. 

In preparation. A Missing Link in Children's Solutions of Story Problems (tentative title). 
Prepared for a special issue of the Journal of Mathematical Behavior . 



ERLC 



.16 



13 

APPENDIX H 

The Story Problem Sucalgmgnt (SPS) 
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STORY PROBLOf SUPPl EMENT 
TABLE OP CONTENTS 



PROLOGUE rOR TEACHERS 

Why was S£S created? I 

What 10 in SE52 i i 

How are SES materials euppoMd to help? ............... a 

What meanings for the operations are covered In SPS? ....ill 

la work with 'natural setting* included? .....lv 

When and how should S£S material s or ideas be used? v 

How can I tell whether ray students benefit from SPS work?..v 

Usage guide . . v i 



STUDENT MATERIALS AND TEACHER COMMENTARIES 

An indented tltlo Indicates dependence on the page listed 
before It. 

ft denotes materials which should be used early on to 
facilitate the use of other supplement pages. 

Uaen of Hul tlpl Icat ion 



Counting Squares 1 

How Many Squares? 3 

•Making Choices 5 

■ Two Uses for Tlsas 7 

How Much Is 0.75 of an Aarcunt? 9 

Which Is Biggest? Which Is Steal lest? 11 

Buddy Problems 13 

Enlargements 15 



Dividing Paper Two Ways 17 

•One Thing Division Can Tell 19 

« Division Can Also Tell 21 

it Two Uses for Division 23 

Division Diagrams 25 
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Mixed O perations 

Mixed Ctoftr At .ono i Introductory 

-Add. Subtract. Multiply, or Divide? 2/ 

Chart for Uses of x. - 29 

Prootems With More Than One Step 31 

•Giving Reasons 1 ^3 

Numberless Problems 35 



Mixed Operations 'nf prccro<»n t 

Choosing Operations Review 37 

Story Problem Bank A% 

240 Boxes 

Giving Reasons 2 Sl 

Space Vi si tors — .63 

Mixed Qperatlonm Prool«»n V rlMfig 

ftLet's Shop gg 

Shopping Problems 57 

Add. Subtract. Multiply, or Divide 2 ! . 69 



Headl Ines! I . 



.61 



Mixed Operation al fW*t ton Aquino 

Asking the Question 63 

What ' s the Quest 1 on? .66 

HlXfld Qpfrratlonn* TIPS (To lir-orove Profile Sn| vlnfl ^ 

Hidden Information 57 

Reasonable Numbers 59 

Us I ng Easy Numbers . 71 

Key Words Can Mislead You 73 

Mixed Qperatlona: Diaor«ma 

•Simplified Drawings, or Diagrams 75 

« Choosing Diagrams ?7 

How's My Drawing? 79 

Problems — > Diagrams 1 81 

Problems --> Diagrams 2 83 

From Diagrams to Numbers 86 

Story Problems from Diagrams 87 
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STORY PROBLEM SUPPLEMENT 
<SPS> 



Prologue for Teachers 

i>U?Cy_PC-OfclCin. 2*2£lzn&Hl waa motivated Dy some interviews of 
chilaren while they were solving story proDlems. It Decame 
apparent ihai many students were using immature strategies which, 
Although they might give success with simple one-step story 
problems, would tail them with more complicated story problems. 

:.u<iie of these immature strategies are listed here: 

I Find the nuitoer s and ado 

J. Guess «»t the opet dt ion to De used. 

J Look at the numbers; they will "tell" you what to do 

4 Tt y all (addition. 3uDtract ion . . . . > and choose the 
answer that is most reasonable. 

b. Decide whether the answer should De larger or smaller 
than the given numbers. If larger, try Doth addition 
and multiplication, and choose the more reasonaDle 
answer. If smaller, try Doth subtraction and division, 
and choose the more reasonaDle. 

t> Look for isolated "key" words to tell una t operat ion to 
use . 

Loomg was a strong use of mcajnuas for the oper a t i ons~ -a 
concept driven approach 12 x 16 merely signalled a 
codipu t a t i on a I procedure. There was little evidence that the 
children undererood that 12 x 16 "fit" situations in which, say, 
12 groups of 16 each were totalled 

Thus, it appeared that students could profit from 
supplementary work with an emphasis or* Oi Cerent facets of tl e 
oper dt i oris 
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Wliai_is_jn_3hS.' 

The bulk of the supplemeM is in 3lui&X]L_£d.afia A These 
student pages are samples which could De used wii.h the students 
and which might give teachers ideas of other things to try. m ai 
eftort to encourage a more thoughtful, concept based approach to 
story proDlems. I n some cases, a page might De duplicated for 
use with the children, singly or in pairs or small groups; in 
other cases, a page might De used for a five or ton minute 
t earlier -led discussion. 

The reverse side of each student page contains a igaciiex 
^COWieatdjy, with information about uain'j the studen* page and 
with answers O n ?«y »« i s a guiOC indicating 

when the student pages might oe useJ in the typical curriculum. 



tlow__a{ ± h J J ^_IH4 L£ LJ. A 1 R£ o. 2tg_ { U-J] £ 1 P ' 

btoiy proDlems are included in the curriculum in the hope 

that they will enaDle students io function when they encounter 

such pr < lems en natural settings (as opposed to the story 

proDlem form) A teacher or a student could also model a story 

problem with a diagram or with classroom materials SjC'h as 

counters Eventually one gets a description in the f o. u of 

mathematical symbols There are. then. Jhese ways of 

£. i'lH CStf 1 1 LIU o problem based on a natural setting 

A si or y pr ob I em 
-Mathemat u a I symbols 

Models r diagrams, c I assr oom ma i er • a I s > 
A story problem i epf esen t a l i on is a u 4flaJ dl ig(J tti.ua a 
natural sett i no. The mathematical symt>ols tor a 4 moi y problem 
cAn oe thought o. as a UottLUUOD tt om the story problem to th< 
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mat hemat i ca I symbols. In making a diagram for a problem, one has 
Ll&n&l&lCJJ frocn the story problem form to a mood form. The S£S 
materials are baseo on these representations, ana Unking these 
representation Dy translating among them t/igure 1). 
Psychological theory maicates that a facility in translating 
among these representations glvou evidence of understand i no the 
mathematics underlying the problem. 



Story proDlem 
-with words 
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Mathemat ica I 
symoo I s 



Models 
-classroom materials 
-di agrams 



Figure 1 Translations among representations 
VtixtHTifdniPft 9 or ^a^ 9 tQr_:hc_og£LaLiflD 3 -a rc c wvg Le.g_m_SES2 

SES does not cover every use for every operation. Since the 
tor get students are in upper elementary, most of the work on 
meanings treats multiplication and divison. Most students at 
these grades already seem comfortable with addition and 
subtraction uses, so there are no Pages devoted solely to 
addition or subtr act i on . 

Uses for the operations which can reasonably come up in the 
elementary d odes are given in r.gure 2 All of these 
<e.<epl missing addend subtraction; are covered in the student 
pages Ihe ones ma^ed with are regarded as oasic Sixth 



graders, tor example, are likely to have encountered all of the 
starred meanings earlier 



« -Put together know, amounts to find a total. 
SyJ2LCft£U2I) 

* -Take-away: one amount is taken from another known 

amount . 

« -Comparison: two amounts are compared (how many mora 
or less). 

-Missing addend: one addend and the total are known 
i n an addi t ion set t mg 

ttuU i£l.iCiUaJ) 
« -Repeated addition, several amounts, ail the same, 
are total I ed 

« -Cartesian product. "combinations" of choices arc 
counted 

Part of an amount: a fractional part of an amount is 
aought . 

-Scaling: an exact enlargement of a figure is made. 

* -Repeated subtraction- how many amounts of a given 

size are in a given amount' (Sometimes called 
measurement or quotitive division) 
ft -Sharing equally. how much is each part when a known 
amount is split equally among a known number of 
par ts? ( A I so ca I I ed par titive division) 

Figure 2. Some meanings for the operations. 



i a work w it h "n atur a L_3?.i Linfla."-! fi£ UilcOi 

The school, of course, is a natural setting for aojBC. 
problems, purchaser at the school store or lunch room, planning 
for outings, sharing materials, choosing teams or class 
officers.... Many teachers draw on these settings as they ar i so 
for mathematics proolems But unfortunately the classroom is 
limited in the natural settings which can be represented there 
Thus. hPS i s Jiso limned in its suggestions for using natural 
settings but tr.ere die occasional student pages which lend 
themselves io usmy natural materials (e g . "Let s Shop'). 
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When and how should SPS m*» ~riftlo or ideas be used? 

mater it 's should lend themselves to a rather flexible 
insertion into the mathematics time. The materials are designed 
(or "plug-in" use rather than "tack-on" use. Such plans as the 
Missouri Mathematics Program call for daily attention to problem 
Solving for part of the mathematics time. To work toward such a 
plan, some pages give the basis for a short oral review of the 
opn at urns (e.g.. "Chaos* my Operations Review") or can be or awn 
«i> frequently >ji a do 1 l y aioi y ptoblem (e.g.. " ( ^tory Proble. 
Hani- ) 

bume pages have prerequisites or build on earlier student 
pages, as suggested by the table of contents and the usage guide 
Many pages could oe used virtually any time. Rather than take 
the cages in order, a teacher is more likely to choose from the 
different kinds of translations (See Figure 1). 

tig*.*; *n_x_i cJ.i— mic-ita c . my as, i^ni a-fcfinxti i_i re m S P SV 

Most curricula give attention only to the translation from 
story prooiem to mathematical symbols. With S££L». * teacher 
might also naturrt'ly look for different sorts of translating 
stills: for example, can a student make up a story problem, from 
either an expression like :S x 6? or from a diagram^ In 
addition, a teacher might look tor evidence of a concept driven 
appiod.r. to story problems, rather than reliance on the immature 
31 1 a» egi ets 
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USAGE GUIDE 



An indented title indicate* dependence on the page li*ted before 

1 t . 

• denote* material* which *h>uld be u*ed early on to feci I 1 tat* 
the u*e of other supplement page*. 

Early in the year 

Chart for U*e* of x, i p 29 
Before/with multiplication reviewr 

Counting Square* p 1 

How Many Square* p 3 
During multiplication! 

©Making Choice* p 3 

•Two U*e* for Time* p 7 
Before/with divi*ion resiew: 

Dividing Paper Two Uay* p 17 

•One Thing Division can Tell p 19 
Dur 1 ng di v 1 * 1 on : 

•Division Can Al *o Tell p 21 

•Two U*e* for Division p 23 

Division Diagram* p 23 
Mixeo Operation*! 

»Add, Subtract, Multiply, or Oivide° p 27 

•Giving Rea*on* I P 33 

•L?t'f Shop P 33 

Problem* with More Than One Step p 31 

Last third of year 

During decimal/fraction multiplication! 

How Much i* 0 73 of an Amount 0 p 9 

Uhich I* Blgge*f Uhich I* Sm*lle*t'> p U 

Buddy Problem* P 13 

Enlargement* P 13 

Any ti!,* 

As review! Choo*ing Operation* Review pp 37-39 

Story Problem BenK PP 41-43 

Shopping Problem* P 37 

other* from Mixed Op*i Reinforcement PP 37-53 

Problem writingi Add, Subtract, Multiply, or Divide 2 p 39 

Headl 1 ne* 1 1 P <*1 

Que*tion a*kingi A*king the Question p 43 

Uhet's the Quettion'' P 4" 

S»'ycted point*! 

Number le** Problem* P 33 

Hidden Information P 47 

Reasonable Numbers P 49 

Using Easy Number* P 71 

Key Uord* Can Mislead You P 73 

•Diagram*! *elec*ion* from Mixed Opt! Diagram* P p 73-67 
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COUNTING SQUARES 



Name 



squares! 36 TELLS Y0U that 3 R0WS 12 SQUARES tACH give 36 



3 rows 



36 SQUARES IN ALL 



12 SQUARES IN EACH ROW 



Lightly shade the grids to show each of these. Then use the grid 
to give the answer. do not calculate ! 



1. 



12 ROWS, WITH 13 IN EACH ROW 
12 X 13 = 
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15 x 18 = 



21 x 32 
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Teacher Commentary 



Counting Squares 



ttaUfl Objective The student can chow a Given multiplication 
expression on a grid. 



Khan to upfl Early In the year. 



ftiooeatod ubo 

Review arrays (equal rows of squares, dots. Xs, . . . ) as one way 
to Illustrate multiplication. The usual convention Is that the 
first factor tells the number of rows (rows are sideways), and 
the second factor gives the number In each row. Arraye can be 
regarded as a special model for the repeated-addition view of 
multiplication, but It has carry-over to area and situations 
where the factors are not whole numbers too. 

Showing the expressions should be fairly easy, but using the 
grids to find the products la likely to be new and may cause some 
puzzlement. Advise the students to look for "big" pieces they 
know, like a 10 by 10 piece that Is 100, or like rows of 10 as In 
the example problem. 

fts a follow-up, you might ask how one would show 100 x 100 (or 
other larger numbers) on a grid, or something like 3.5 x 12 on a 
grid (3 and a half rows with 12 In each row). 



Ancwors 

1. 156i 1 hundred, 2 strips of ten, 3 more strips t ten, 
plus 6 

2. 270i 1 hundred, 5 strips of ten. 8 more strips of ten, 
plus 40 

3. 672i 6 hundreds, 3 strips of ten, 4 more strips of ten, 
plus 2 



Motes 

Additional activities (with natural settings or as extensions)! 



Trouble spotsi 



Other i 

2D 
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HOW MANY SQUARES? NAME 




Teacher Comrrentary How Many Squares? 



Main QblgCtlYC The tudent can apply multiplication 
to &*i array on a grid. 

whan to ufcft Ear.y In the year i good bef ore area work la done. 

If you use *1 as an example, very little additional direction 
should be necessary since many curricula Include work with ©rids 
and multiplication In earlier grades . You m*y choose to have 
your students *bralnstorcr for things that come In equal rows 
(e.g., Items on grocery shelves, squire tiles on the floor, the 
squares or rectangles In fluorescent light covers, holes In 
screen wire, bleacher seats, seats In classroom rows, spaces In 
parking lots,...). You may also wish to discuss how this relates 
to area (the length and width tell how many are In each row and 
how many rows there are). 

Problem *6 might deserve some follow-up discussion, since It 
can be solved two ways (a horizontal cut or a vertical cut). 
Students need frequent reminders that many problems can be solved 
In more than one way. 

ftnovttro 

1 . 90 (6 x 15 is fastest way) 

2. 234 

3. 68 

4. 322 

5. 100 

6. 117 (using a "cut* to get either 6x16 and 3x7 pieces or 
6x9 and 9x7 pieces) 



Hotes 

Additional activities (with natural settings or as extensions)! 
Trouble spots: 
Other i 



31 



Name 

MAKING CHOICES 

YOU KNOW 2 WAYS TO 60 FROM SYCAMORE TO GENOA AND k WAYS TO GO FROM 

Genoa to Rockford. In how many different ways can you go from 
Sycamore to Rockford, by goin6 through Genoa? 




2x^ = 8 



Multiplication can till you how many combinations of choices you 
can make . 



1. LES HAS A BLUE/ A RED, A GREEN, AND A WHITE SHIRT, LES HAS JEANS, 
DROWN CORDS , AND DRESS-UP PANTS. (A) HOW MANY PIECES Of CLOTHING 
IS THAT? (B) KOW MANY DIFFERENT OUTFITS DOES LES HAVE, IF ALL THE 
COLORS LOOK ALL RIGHT TOGETHER? 

(A) (B) 

2. LES HAS TWO SWEATERS. HOW MANY DIFFERENT SWEATER- SH I RT-PANTS 
OUTFITS DOES LES HAVE? 



3. AN ICE-CREAM STORE HAS 26 FLAVORS OF ICE CREAM. YOU CAN GET A 
REGULAR CONE OR A SUGAR CONE. HOW MANY DIFFERENT KINDS OF 
SINGLE-DIP ICE-CREAM CONES CAN YOU GET? 



k. ONE AFTERNOON THEY SELL $5\ .9** WORTH OF SINGLE-DIP CONES . IF ONE 
CONE COSTS 33 CENTS, HOW MANY CONES DID THEY SELL? 



5 YOU HAVE TWO KINDS OF BREAD: WHITE AND WHEAT. YOU HAVE PEANUT 
" BUTTER, TUNA SALAD, CHEESE, AND LUNCH-MEAT. HOW MANY DIFFERENT 
KINDS Or SANDWICH CAN YOU MAKE, IF YOU USt .'UST ONE KIND OF BREAD 
AND ONE KIND OF "INSIDE* ON A SANDWICH? 



6. MAKE UP A SANDWICH PROBLEM LIKE NUMBER b. 
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Teacher Commentary 



Making Cholcoo 



HaiU_L!i?j.S£lLye The student can identify selected cartesian 

product situations as uses of multiplication. 

Mdlexi_flh2_ji£fiflej3 Access to a calculator 

(Optional) Cutouts of costumes- say, 3 shirts, 
differently colored. 2 kinds of trousers. 

Wtlfi n \Q . n ag Before the textbook treatment of cartesian product 
mu I l i p I ica t i on . 

Before showing the student page, introduce the lesson with a 
problem like 'You have 3 ditferent shuts and 2 different kinds 
of trousers or slacks How many different outfits do you have?* 
Act out the six outfits with the cutouts oi chalkboard drawmga. 
If y r textbook will be .ismg tree diagrams, you might use that 
sort ot recording scheme. The example on the student page uses 
pa ir s of letters. 

Then ask, "Is there an easy way to get 6. just using 
information in the problem 0 " Students will suggest 
multiplication, of course, you can emphasize that this kind of 
situation gives another use for multiplication The language 
used on the student page is "making choices." you will probaDly 
choose to use whatever language is in your text ('cartesian 
product ' is OQl usua I I y u3*d wi th ch i Idr en > 

You might also do the example problem from the student page 
Defore passing out the page Students will readily multiply, but 
wCiLC¥_iafl that there are eight may take several examples. In 
checking the problems, you should ask for a 'proof for one or 
two in the way of a list like that in the example (or a tree 
diagram, if you are using them) You might also add another town 
with 2 roads to the example, to show that the choices can be 
extended. Problem «2 ca I Is for this extension Hrorlem «4 is a 
division problem to eep the children honest 



1 (A>b (B) 12 (This one could be "proved' by making a 
I ist . > 

2 24 

3 52 
A 98 

5 6 (This one doeun t take long to "prove ") 

6. Answers will vary The intent is that cartesian product be 

involved, but some children may jost write a story about 

sandwiches 

Additional activities twiih natural settings or as extensions). 



Trouble spots 
Other ; 
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Name 



TWO USES FOR TIMES 



REMEMBER; 



I. Multiplication can tell you how many there are when several 

AMOUNTS OF THE SAME SIZE ARE PUT TOGETHER. 

II. Multiplication cam tell you how many combinations of choices 

THERE ARE . 



Write I or II in the blank to show which use of multiplication 

THL PROBLEM WOULD NttU. 

1. A BIO CAFETERIA HAS 6 KINDS OF SANDWICHES, 3 KINDS OF DRINKS, 
AND KINDS OF FRUIT FOR LUNCH YOU WANT ONE OF EACH: 
SANDWICH, C< NK, ANO FRUIT. YOU HAVE $3. IN HOW MANY WAYS 
CAN YOU CHOOSE LUNCH? 

2. IN ONE SCHOOL, THERE are six sixth-grade and five 
seventh-grade classrooms. each classroom can hold 32 desks, 
how many sixth-graders .can the school take? 

3. The student council is going to elect a president and a 
treasurer. the student council has 12 members . how many ways 
is it possible for the election to turn out? 

A SCHOOL ALLOWS \b 2b FOR SUPPLIES THAT WILL BE USED WITH EACH 
STUDENT. HOW MUCH DOES THE SCHOOL ALLOW IN ALL, IF THERE ARE 
570 STUDENTS IN THE SCHOOL? 

b A FARMER HAS A WAGON THAT HOLDS 95 BUSHELS. THE FARMER HAULS 
12 FULL LOADS OF CORN FROM A FIELD 3 MILES AWAY. HOW MANY 
BUSHELS OF CORN DID THE FARMER GET FROM THE FIELD? 

6. HOW FAR DID THE FARMER DRIVE TO GET ALL THAT CORN HAULED IN? 



7 just using first initial and last initial, how many ways can 

PEOPLE * S INITIALS BE WRITTEN? 



Teacher Commentary 



Two uses for Time 



Main OftlgfiUyg The student can distinguish betwean 
repeated-addition and rarteslan-product situations. 

When to UM Any tli*> after cartesian product multiplication has 
come up . 



Suggested uwe 

Some of the problems contain Irrelevant Information. You may 
wish to have your students also record what numbers they would 
roul t Iply . 

This lesson lends Itself to the use of an overhead transparency 
an*1 a whole-class model. Write the two uses on the chalkboard, 
and have the children hold up one or two fingers as you expose 
each problem. This gives quicker feedback than a worksheet 
approach. 



Answers 

1. II (6x8x4. Ask about the Irrelevant 9&.) 

2. I (6x32. Ask about the 5 seventh-grade rooms.) 

3. II (12x11. This Is a hard point. After one officer Is 
chosen, there are only 11 students loft for the other 
oiflce. You might use the names of a small number of your 
students If the students do not seem to see this.) 

4. I (670x5.26) 

5. I (12x95) 

6. 1 (12x3x2. or 12x6. Koo . students wll 1 not think of the 2 
because they do not think of a roundtrlp.) 

7. II (26x26. Some students will write ?x26. and might 
benefit from looking at the problem if Just 4 letters, say 
A BCD, were used. ) 



Notes 

Additional activities (with natural settings or as extension)! 



Trouble apotsi 



Other i 



35 



Name 

HOW MUCH IS 0.75 OF AN AMOUNT? 

A. How much is £ Of 2q? 

How much is 0,5 OF 2q? 

US£ A CALCULATOR TO GET 0.5 X ?M\ 

B. HOW MUCK IS i OF 8? 

HOW MUCH IS 0.25 OF 8? 

usl a calculator to get 0.25 x 8: 

Multiplication can tell you how much part of an amount is. 

1. You can fino | of 112 by calculating | x . 

2. You can fino 0.75 of 392 by calculating . 

3. You can fino r of 62jby calculating . 

k. YOU CAN FINO 0.6 OF *»3.5 BY CALCULATING . 

5. Multiplication cam tell you A 



6. 


Circle 


THE 


CORRECT CHOICE 


DO NOT 


USE A 


CALCULATOR. 






A. 


0.39 


X 


565 


EQUALS 


IS LESS 


THAN 


IS 


GREATER 


THAN 


565 


B 


3.24 


X 


565 


EQUALS 


IS LESS 


THAN 


IS 


GREATER 


THAN 


565 


C. 


0.97 


X 


565 


EQUALS 


IS LESS 


THAN 


IS 


GREATER 


Than 


565 


0. 


1.00 


X 


565 


EQUALS 


IS LESS 


THAN 


IS 


GREATER 


THAN 


565 


E. 


0.62 


X 


0.85 


EQUALS 


IS LESS 


THAN 


IS 


GREATER 


THAN 


0.85 




9 



Teacher Commentary How Huch Is 0.75 of an Aaount? 



Main Objective The student can give a third uee of 

mul t Ipllcat lon--f Indlng part of an amount. 

WAt *rrltfiff floating; Calculators 

Khfln tP iifitt After dec I (tale have bean reviewed! can be 

used before decimal or fraction multiplication. 

SiflQflnlfld "«» 

This Is the first student page on this third use of 
multiplication. Virtually all of the students' earlier work with 
whole-number supports a "multiplication makes bigger" frame. 
Since this lesson goes against that frame. It may not register 
with the students and should get frequent follow-up. 

Before presenting the page, spend some time on recognizing 
which decimals and fractions are less than 1. It will aloe help 
some students to review that 1/2 -0.5 and 1/4 - 0.2$, since 
these equivalences are taken for granted. 

Do examples A and B as whole-class work, point out that the 
answer Is less than 24 (or £, for B> since we are finding Just a 
part of 24 Cc 8>. If you are keeping a chart of uses of the 
operations, this new use could be entered now. 

Some follow-up is essential since this new idea Is Inconsistent 
with the old, entrenched "mult Ipllcat ion makes bigger" idea. A 
few exercises like those In 96 or like those In 'Which Is 
Biggest? Which Is Steeliest?" could be used on severe; occasions. 
Story probloms like "Your dad buys 0.83 gallons of gas for the 
lawnmowor. One gallon costs #1.039. How much does the gas for 
the mower cost?" could also be used, since they Involve this 
part-of-an-amount use of multiplication. Students often reason 
correctly that the answer will be less than #1.039 but conclude 
Incorrectly that subtraction or division are the only operAtlono 
that could work. "Buddy Problems" contains more story problems 
using a number loss than 1 . 



Aat tea 

A. 12, 12, 12 

B. 2, 2, 2 

1 . 3/8 x 112 

2. 0.75 x 392 

3. 3/5 x 62 1/2 

4. 0.6 x 43.5 

5. ...how much part ot an amount is. 

6. A. is less than B. Is greater than C. Is less than 
0. equals E. Is lass than 

Additional activity (with natural settings or as oxtenolons)i 



Trouble spotsi Q 
Other i 



*7 



Name 

WHICH IS BIGGEST? WICH IS SMALLEST? 

Ci£0£ THE B iGGEST ONE IN EACH ROW. fiQX THE SMALLEST ONE IN EACH 
ROW. 

1. 56 0.285 x 56 1.003 x 56 

2. 153.2 | x 153.2 1j x 153.2 
3 . 0.928 0.8 x 0.928 0.4 x 0.928 

5. 10,000 \jx 10,000 2.01 X 10,000 

6 . 92 0.9999 x 92 1.00001 x 92 

7. 2h 7 x 2^ I x 2k 

8. 68.5 1-3 x 68.5 0.425 x 68.5 



I ? x 1 2± x ^ 




n 



Teacher Comment dry 



Which 1 3 Biggest? Which Is Smal loot? 



The student can apply the par t -of -an -amount 
use of multiplication 



«iUci".Ldi_a_ne^aca calculators 



When to use After introductory work on the part-of-an- 
amounl use of mu I t ip I i c<a t i on <e g . "How 
Much »s 0 75 of an Amount?") 



Before the lesson, review the uses of multiplication, 
especially the f i nai ng-part -of - an - amount one (e.g.. What does 2/3 
of 166 te!l you 0 ). Also review ordering decimals, since Ihia la 
not an easy skill for students and it will De needed in DollevinQ 
the answers to the exercises. 

Depending on how earlier work with this idea has gone, you 
might choose either to use the page as a whole-class, exercise Dy 
exercise discussion, or as an individual worksheet. It may help 
the students to confirm that indeed multiplication can give a 
smaller number Dy using calculators on the ones with decimals. 
Summari2e the point at the end: Ho 1 1 \ p I icat ion Dy a numDor loan 
than one tells you what part of the number is. 



An ay ex a 



Bi ggest Sma I I est 

1.003 x 56 0 285 x b6 (These could t>e confirmed Dy 

ca leu 1 a tor compu tat i ons. ) 

1 1/2 x 153.2 3/4 x 153 2 

0 4x0 928 (Confirm Dy calculator) 

3/4 x t< 8 



0 928 
2 14 x 7/8 
2 01 x 10.000 10.000 
1 0000 1 x 92 0 9999 x 92 
2/1 x 24 24 
1 3 x 68 5 



(Confirm by calculator ) 



0 4^b x 68 5 (Confirm Dy calculator) 



Notes 

Additional act. v. tied (w.ih natural settings or as extensions): 



Trouble sf>ois- 
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Name 



BUDDY PROBLEMS 



Write in the blank whether you should add, sub ract, multiply, or 
divide to figure out the answer . 



1. A. A WOMAN BUYS b GALLONS OF GASOLINE. Il COSTS $1,039 FOR ONE 
GALLON. HOW MUCH DOES THE GASOLINE COST HER? 

B. A WOMAN 3UV> 0.93 GALLONS OF GASOLINE. IT C' r,r S $1,039 FOR ONE 
GALLON. HOW MUCH DOFS THE GASOLINF CO f HER , 



2 . A. A RUNNLR RAN 10 MILtS ONE DAY, AND TWICE AS FAR THE SECOND DAY. 

How fa.< did the runnlr run or the second day? 
15. A runner ran 10 miles one day, and 2/3 AS far the second day. 

HOW FAR 010 THE RUNNER RUN ON THE SECOND DAY? 



3. A BOY HAO TWO CAN} FOR GASOLINE. HE PUT 0.73 GALLONS IN ONE CAN AND 
?.b GALLONS IN THE OTHEP CAN. HOW MUCH GASOLINE P D HE GET? 



A. In one city the oales tax is 0.08 of thf amount you buy. If you 

BUY $2.39 WORTH OF THINGS, HOW MUCH WILL THE SALES TAX BE? 

B. HOW MUCH WILL YOUR TOTAL BILL BE? 



b A JOGGER RAN ^.7 MILES ON MONDAY AND 6.2 MILES ON TUESDAY. HOW MUCH 
FARTHER DID THE JOGGER RUN ON TUESDA> f _ 



6. UNC POUND OF HAMBURGER COSTS $1.68. YOU BUY 0.65 POUND. HOW MUCH 
00 YOU PAY? 




I ) 



Teacher Cowmen t acy 



Buddy Problems 



The student can recognize par t -of -an-amount 
mu 1 1 i p I i cat i on st t uat i una . 



Khfifl tQ USfi After "How Much Is 0 75 of an Amount^" and/or 
"Which Is Biggest 0 Which Is Smallest?" 



Suggested uge 

Review that multiplication can be used to tell you how much a 
fractional part of an amount is Work problems til and »2 as a 
group, emphasizing that since the B parts involve par ^ of the 
amount, multiplication is still the correct operation. As 
before, the idea of using multiplication to make a numoer mm l | «r 
needs much r e inf orcei ' nt since it is counter to earlier 
experiences with multiplication 

Problems *3 through 86 involve a mix of operations. 

Answers 

1 A . mu I t ip I y 

B. mu I t i p I y 
2 . A, mu I l i p I y 

B mu I t i pi y 

3 add 

4. multiply (since the tax is part of the amount >, *U 

5 subtract 

6 multiply (since you are buying only part of a pound) 



£3 

Additional activities (with n<ai ral settings or as extensions)! 



1 f oudi e spot s . 



Ot her 



Name 



EM-ARGEf€NTS 

HOW ARE LENGTHS RELATED IN EXACT ENLARGEMENTS, AS IN PHOTOGRAPHS? 

Measure and use the table below to fino out. use centimeters. 



OtO PICTURE 



New picture 




1. Distance between 

EYfS 

\ Length of top of 

HE AO 

*. Distance from top 
of ear to chin 
Distance erom eye 
to top oe he ao 





New - Old 


Ntw x Old|Nfw i Old j 


INtw j. Old jNtw. ♦ Qld| 




1 \ \ 


H— 1 1 




i i 


1 — ! — ! 





1 f 


M— 1 1 

III 1 





1 1 



ERIC 



WHAI 1)0 YOU NCI l< 1° 
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IS 



Teacher Conr&entary 



Znlarg&mento 



Main QhlftCU.vg The student experiences another use of 
multiplication and division, scaling 
(enl argements) . 

HAtgrlalo needed Rulers with centimeter scales 

(Optional) A photograph and an enlargement 
of tho photograph 

When to use Any time; fits nicely when school pictures er* 
taken 

Suggested use 

If you have a photograph and an enlargment of it, show thea to 
the students and ask If they think mathematics has anything to 
say about enlargments. That Is the topic of the page* and gives 
another use of multiplication and dlvlsion--ln working with 
enlargments (or "shrinks,* although these are not covered here). 

An answer to "What do you notice?* at the bottom might be 'The 
new distance divided by the old distance Is always 3.* To get 
multiplication explicitly Involved, as If one could say "The new 
distance Is 3 times the old distance.* The latter form le useful 
In answering questions like * I f Og's arm had been 12 centimeters 
long In the small picture, how long would Og's arm have been In 
the enlargement?" Bo sure that students realize that with other 
pictures, the number probably will not be 3. 

Bo somewhat careful of language here. Everyday language Stfcr 
"twice as big" for a picture probably refers to lengths being 
twice as big. Sir*"* vldths are also twice as big, areas ere ifiUX 
times as blgl Sat jngths or distances are two tlmos as big" 
rather than "the picture Is two times as Mg." 

Follow-ups could lie In measurements of pictures and their 
enlargements to find the number Involved (often called the 
scaling factor), or asking what might happen If all the lengths 
were 1/2 or 1/3 as big (the picture "shrinks"). 

Answer a 

(All In centimeters.) 
1.6 2 8 4 123 
2. 9 3 12 6 27 3 
3 12 4 16 8 48 3 
4. 3 1 4 2 3 3 

What do you notice? New distance divided by old distance is alwayo 

3. 



huteS 



Additional activities (with natural settings or ao ext«nelono)i 



Trouble r si 



Other : 
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Name 

DIVIDING PAPER TWO WAYS 
NEEDED: 6 STRIPS OF PAPER 2k CENTIMETERS LONG. 

A. Mark off pieces k cm long. How many pieces do you get? _ 

B. Fold another strip into k equal pieces. How long is each 

PIECE? 

Each way shows that 2k = 



A, Mark off pieces 2 cm long on another piece. How many? 

B. Fold the strip into 2 equal pieces. How long is each 
piece? 

Each way shows that 2k r = 



Make up two different problems like the ones above for 
2k i 8 * 3. 

A. 
B. 

Make up two different problems for 2k f 3 = 8. 

A, 
B. 

Mark off pieces 1.5 cm long. How many are there? — 
2k h = 

MARK OFF PIECES 0.5 CM LONG. HOW MANY ARE THERE? 

2k r - _ 

17 



Teacher Commentary Dividing Paper Two Way, 

BlimaUftLlUfi The student experiences ooth repeated- 

suotracuon and sharing equally division. 

BoICXijii^^ne^gjcg Narrow strips of DAotr . . 

ovi i|)3 oi paper C ut long-ways 
rom regular sheets of Pdpe r . 6 strips 
or each student (plus 30me extras). 
Rulers with metric scale. 

Kha.ULuafi AUer students hdve hM so™ , el( ,c experience. 

how-many- 2 s-,n-8 (ype , dna . 3hdr , ng , , ^J 0 ^ 1 " 

how-many-, n-each-uhen-8-are-spl.t .ntoa-equal-ports type 

I you are .eep.ng a classroom C h*r, ce.g . £ i*. ., 

; dna 7 >• vou may wish to refer to it. ei , her to review 
the two u3e3 or to motivate additional entries. 

First have the stu^ is measure off 24-cm lenaihs ~„ 
and tear th.m off <6 co 8 ahould be enouc,™ S?nce the P IJ " 

pvo veo making measurements, you may need to rev^v howTu*. 
the type of ruler your students have. u 

^.fh 0 ^!^ * 5 f nd 96 drC » nc,ude ° <° 9ive the students experience 
They rep.Mtea-9uDiract.on meaning for division even though 

they do not Know how to carry out the calculations. 

rol low-up questions could center On larger numoers; e g. -w h4t 
would oe two ways of showing 120 7 8 with paper?- 

AXL3V.fi CJ3 

1 A. 6 6. 6 cm 24 : 4 * 6 
2. A. 12 B. 1 2 cm 24 - 2 » 12 

3 (samples, any order is all right, Dul Dolh t pc3 3h0ula D0 
covered) 

A Mark off pieces 8 cm I org. How many are there^ 

B. Fold the strip into 6 equal pirces. How long is each 

P i ece^ 

4 (samples, any order) 

A Marh off pieces 3 cm long How many are there^ 
B Fold the su ip into 3 equal pieces How long is each 
p lece^ 
*> >6 24 - ijf * i6 

6 48 although with this much measuring, some students will d« 
of t 

24 - Q. A i - 4,H Point Out that the answer 13 Digger than 
either 24 or u L>. (his can happen when you are dividing Dy 
a numDer less than 1 



Add'tionat activities (with natural settings or as extensions). 
Tr OuDle spot s j - * 

' „ 

Other . 



Name 



ONE THING DIVISION CAN TELL 

ExAMPt F 

8 t 2 CAN TELL HOW MANY ?<; ARE IN 8. 

Drawing 8 at the start then see how many 2s 




There are 
8 t 2 - <♦ 



USl THt i X AMPLE TO HELP YOU FILL IN THE BLANKS. USE A CALCULATOR 
IF YOU NEED TO. 

20 t *» CAN TELL 

Show that there are 

*»S IN 20. 

CAN TELL HOW MANY 3S ARE IN 18. 

Make a drawing for this one. 



CAN TELL HHW MANY 6*jS ARE IN 2(tt 8. 

HOW MANY 6^ S ARE IN 20<l8? 

HOW MANY 117S ARE IN 6786? 

HOW MANY $ 1.29S ARE IN M 

HOW MANY 0.035S ARE IN 12.25° 

A TAPE COSTS 16.98. YOUR f AKILY SPENT \bb M ON TAPES A NO 539. 90 
ON RCCOROS LAST YUP . HOW MANY I AH S Oil) YOUR IAMII* iUY 9 



Teacher Commentary One Thing Dlvlclon Can Tell 

ttfli n PblcctUg The student can link repeated -subtract I .1 
phraslngs and division expressions. 

Material s needed Ca 1 cu 1 a t ors 

(Optional) Counters for demonstration on 
overhead 

Suooontefl vifTQ 

R * v i£^ these tw «> forms for a given division expressions* 8 z 2 
and 2 So. T.e first Is the better one here, since calculators can 
bo used. 

Ask a rhetorical. 'What does 5280 f 45 mean? - With two or 
three examples like 6 : 3 or 8 H or 12 i 2. ask hov cne would 
act them out with counters (or Xs on a chalkboard). Then use an 
example or two with larger number s- -e . g. . 232 • 8 or 465 f I5i 
these would not be acted out but are good since the students do 
not already know the answers, as they do on the «.asy ones. The 
meaning featured In the lesson lo. 6 ? 3 can tell how many 3a are 
in 6. (Sharing equally may come up if the children do the 
demonstration} praloe this as a way that will get more attention 
later. ) 

Discuss the example, and "brainstorm* for examples of 
situations where repeated-subtract I on division might come up 
(e.g.. how many cartons are needed for 24 empty bottles, how many 
26 cent cookies can one buy with 91....). 

If only one calculator Is available, the page might best be 
done as a teacher-led lesson. Problem 67 Involves a piece of 
irrelevant Information. 

A possible extension la to ask for a story problem for. say. 
360 ': 24 that Involves hov many 24s In 360. If trie students are 
not experienced at making up story problems, you might provide a 
settings "I have 360 sheets of paper In a drawer.. ■ 

Anovera 

1.5. 5, drawing should show 5 sets of 4 dots. 

2. 18 t 3. drawing should show 6 sets of 3 (dots, probably). 

3. 2048 t 64. 32 

4. 58 

5. 6 

6. 350 Note with the students that the answer to a division £AH be 

larger than either number if you are asking how many tiny amounts 
(less than 1) are In some number. This Is likely a new Ida* for 
them. 

7. 8 Ask about the 939.90 (extra Information) 



ftto tea 

Additional actlvltlos (with natural settings or as extensions)! 



Trouble 3potsi 



Other * 



Name ^ 

DIVISION CAN ALSO TELL... 

Remember: ISO t 2b can tell hgw maky 25s abf in isp , 

Ol VIS ION CAN ALSO TELL YOU HOW MANY EACH WILL GET WHEN SOME AMOUnTI 
IS SPLIT UP EVENLY. I 



Example 8 t ^ can tell you how many fach of k will get when 8 

ARE SHARED FAIRLY. 



cd 

CD 




Each will get 
so 8 t k = 



1. Draw arrows io show ihat 12 3 tellc you how many each will 

01 1 WHEN 12 ARE PASSED OUI EQUALLY TO 3 PEOPLE. 



CDCD) CD 

Put numbers in the blanks. 

2. 22k l . 1 can tell you how many eac person rf!ll get if 
sharf _ things equally. 



PEOPLE 



3. 1088 t 32 CAN TELL YOU HOW MANY EACl. BOX WILL GET WI^N 
SPLIT UP EQUALLY INTO BOXES. 



A*E 



k. J12.S0 r b CAN TELL YOU HOW MUCH MONEY EACH PERSON WILL GET WHEN. 
PEOPLE SHARE EQUALLY . 



b Ann, Betty, Cass, Oiana, Ellen, and Fran want to sell 96 boxes 
' of Girl Scout cookies. If each one sells the same number of 
boxes, how many boxes will each girl sell? 



A ~ 6. JORGE AND KEN WANT TO SELL 48 IKKE1S IN ALL THEY MA»" -READY 
43 SOLO 16 TICKETS. HOW MANY DO THEY STILL HAVE 10 SELL? 



21 



Teacher Commentary Division Can Also Toll 



^aln Objective Tna student can link char I ng-equa I I y 

phraolngs and situations with division 
expressions. 

Materlalo needed Some amount of real or play money (or 

some clasarooea matf lal that could be 
shared) 
Calcui *tor for teacher 



When to usw After repeated-subtract lor. meaning for division 
(e.g., *0ne Thing Mvlslon Or. Tell") has been 
pract icod. 



Suggested ubb 

Show some money, say $7.95. Say something like "Suppose I aa a 
rich person with 97.95. Pretend that I am going to share It with 
(2 students), so we all three have the same amount of atone y . How 
such will each of us get? How would you figure that out?* 
Repeat with 4 students and you, then wltn some number that does 
not give en exact number of cents (use calculator throughout). 
Tell that division can help when a known amount Is put Into a 
certain number of equal parts. Ask your students for otner 
examples where an amount Is shared or split up equally among 
several people or places. 

Discuss the example so the sequence of drawings Is clear. 

Problem «6, a comparison ©ubtrtct'on. is to ?uard acalnst 
"They're all division." 

As a follow-up, give and contrast the two uses with, e.g., 624 
t 6 (how many 8s In 524. and how many *ach gets If 524 are shared 
equal ly among 8). 



A n ow em 

1. Drawing should suggest 4 dots *go" to e ring. 

2. 7, 224 

3. 1088. 32 (Some many Incorrectly write the reverse order by 

I ml tatlng 82. > 

4. 5, 912.50 

6. 16 (Note that the divisor. 6. is not wrl ttfifl In the story.) 
6. 42 



Additional activities (with natural settings or as extensions)! 



Trouble spots" 



*,9 



Other i 



Name 



TWO USES FOR DIVISION 

RfcMfcM9ER: 



I. OlVISION CAN TELL YOU HOW MANY AMOUNTS OF A CERTAIN SIZE 
ARE IN SOME AMOUNT. 

II. OlVISION CAN TELL YOU HOW MUCH EACH GETS IF A CERTAIN 
AMOUNT IS SHARED EQUAL. . 



WRITE I OR II IN THE BLANK TO SHOW WHICH USE OF DIVISION THE 
PROBLlM WOULD NEED. 

1. Candy is on sali jok SO. 88 a box. How many boxes could you 

BUY WITH Ml (IX) NUl COUNT TAX.) 

2. A BIO BOX Of- FANCY CHOCOLATtS HAS 72 PIECES IN IT. HOW MANY 

SHOULD EACH PERSON IN A FAMILY OF SIX EAT, TO BE FAIR? 

3. THE AMOUNTS IN ONE SOUP RECIPE MAKE ENOUGH FOR 8 SERVINGS. 

TO MAKE ENOUGH FOR **0 SERVINGS, HOW MANY TIMES SHOULD THE 
AMOUNTS IN THE RECIPE BE USED? 

i*. At Halloween, one person gave 3 suckers to every 

TR I CK -OR-TREATER . SHE GAVE AWAY bk SUCKERS. HOW MANY 
TK I CK-OR- TREAT ERS CAME TO HER HOUSE? 

b. One hundred eighty-four sixth graders are going on a fielo 

trip. There are four buses to take them. How many should 
ride on each bus, to keep the loads even? 

6. a rich man decides to share his wealth by giving $300 to 

each poor person in one school if he or she goes to college. 

HOW MANY FcOPLE CAN HE GIVE MONEY TO, IF HE HAS $180,000? 

_ 7. Jane's favorite song tak^s 2 1/2 minutes to play how many 

TIMES CAN SHE LISTEN TO THE SONG i N HALF AN HOUR? 

_ 8. A PACr.«uL s,; HAMBURGER WEIGHS 1.33 POUNDS. A MOTHER MAKES b 
EQUAL HAMBURGER PATTIES OUT OF IT. HOW MUCH WILL EACH ONE 
WEIGH? 



ERJC 



2) 



Teacher Commentary 



Two Useo for Division 



Kal n Q& i ocUVft The student can distinguish between repeated- 
subtraction and sharing division situations. 

Ka tflC j fl l a ngQQftd (Optional) Pesponse cards labelled I and II 

tthgfl LB Uflfl Any time after both meanings for division have 
been Introduced. 



Since some of these discriminations are difficult, this page 
might be done a whole-class discussion mode, perhaps from an 
overhead transparency. First review the two ways of thinking 
about division, perhaps acting each out with counters or 
chalkboard Xs (say, for i6 » 2>. 

As you do ea ch p roblem, consider having the children write both 
the t and the J forms so th«y are reminded of their 
differences. If you write the material in the box on the board, 
you can ask for a whole-class response by having the children 
hold up the correct response card. 

Advise the students to think how they would act the situations 
cut. Problems *4 and «6 are very tricky, since they carry a 
sharing Idee but are in fact repeated extraction situations. 
You might again aok the students to suggest situations for each 
k I nd of di vision. 



1 . I 



II 

3. I (want to know, how many 8p |,i 40) 

4. I 

5. II 

6. I 

7. I (how many 2 l/2s in 30i tell the children that we do 
not use the ) notation with fractions) 

8. II 



UfilOJCJ 

Additional activities Cvlth natural settings or as extensions)! 



Trouble spotsi 



Other i 



51 



NAM£ 



DIVISION DIAGRAMS 



There are two ways of thinking about division. Put the letter of the 
correct diagram in the blanks. 

10 r b 

1. HOW MANY 3S ARE IN 10? 



2 IF 10 ARE PUT INTO b 
EQUAL PARTS, HOW MANY 
ARE 'N EACH PART? 




6. (oj) o~cTo) 
(o 0 0 0 <T) 



36 t 3 




X X XXXXXXXJ 
X 7 X X X X X x x, 




X XX X XXX, 



3. HOW MANY 3S ARE IN 36? 



k. IF 36 ARE PUT INTO 3 
EQUAL AMOUNTS, HOW MANY 
ARE IN EACH AMOUNT 9 



3. In the drawing to the right, 
SHOW how many 2s are in 34. 



34 7 2 



X X 

X X 

X X 
X 



6. In the drawing to the right, 
show how many j s are in 3. 

52 



3 7 




2b 



Teacher Commentary 



Division Dlagreaa 



flal f) QfoipcUVft The student has diagram experience with two 
Interpretations for division. 



Early in the year, right before or with the first 
division work 



Su equated uao 

This page should probably be done as a teacher- led discussion, 
since students may not have formally encountered both uses for 
division and sines their work with diagrams may have been 
rain tma I . 

Problem «6 Is included to show that this meaning also transfers 
to division by a fraction. Point out that the answer <6> Is 
greater than either 3 or \/2i this sort of thing can happen 
because of the question: how many »/2a are In 3? 

Answers 

1. B 

2. A 

3. C 

4. D 

5. Diagram should show 17 groups of 2 each. 

6. Diagram should show that there are 6 halves In 3. 



HqUlb 

Additional activities <wtth natural settings or as extensions)! 
Treble spotsi 



Other i 



Name 

ADO, SUBTRACT, MULTIPLY, OR DIVIDE? 

Read the example ano thikk about it. Then fill in the bl*nk with 
add, subtract, multiply, oft oivioe. 

1. Example : Jane ha., 6 tapes. Sue has 8. How many tapes do they 

HAVE TOGETHER? 

•When you want to o out how many in all, you t 

2. Example: l had 2 oolla; c . Then he spent 63 cents. How much 

DID HE HAVf LEFT? 
*WH \ ONE AMOUNT IS TAKEN AWAY FROM ANOTHER, YOU . 

3. t XAMPlt. Bill HAD J IJOUAKS. CARL HAD 65 CENT C HOW MUCH MORE 
DID tillL HAVL IHAN CARl 9 

*WHLN YOU WANT TO COMPARE T' - AMOUNT , ONE WAY IS TO t 

f xample: Walter Payton scored 36 touchdowns. A touchdown is 

WORTH C POINTS. HOW MANY POINTS DlO PAYTON SCORE? 
*TO F I NO OUT HOW MANY THERE AR . TOGETHER WHEN ALL AMOUNTS ARE THE 
SAME , YOU CAN , ^ 



Example- The P T A kao 75 oatmeal cookies at a bake sale. They 

PUT 3 COOKILS .<\ EACH PLASTIC BAG . HOW MANY BAGS DlO THCY GE F? 
•TO FINO OUT HOW MANY AMOUNTS OF THE SAME SIZE THERE ARE WHEN YOU 
KNOW THE TOTAL, YOU > 



Example- The P t A had 75 oatmeal cookies at a bake sale. They 

' PUT THE 'SAME NUMBER OF COOKIES AT EACH OF 3 TABLES. HOW MANY 

cookies were at each table? 

•When an amount is shared or passed equally to several places, 

YOU » 



54 



2? 



Tcracher Con*w*ntary Add, Subtract, Kultl^ly, or Dlvlcto? 



MA in Q&.iPjLLLttg The student can cSocse the correct ope»«tlon, 
given a story problem or a doscript n of a 
si tuat I on . 



Whan tlflfl Any tlroe. 



Perhaps with a question like "How do you decide what to do when 
you have a story problem?* Introduce the idea that thinking about 
the kind of situation Involved In the story problem Is the beat 
wa to decide. 

. is page reviews the kinds of situations that the studento 
have likely dealt with, so Individual work Moved by discussion 
could serve as a diagnostic. Note that *4 con Id be done by 
addition (adding 36 sixes) but that multiplication Is far taster. 

To encourage the students to think about uses for the 
operations, ask them for reasons like the starred statements 
whenever story problems are discussed. "Choosing Operations 
Review* and "Chart for Uses...* might be useful In this respect . 
Student response cards with the signs for tho operations could be 
used In group settings to got feedback on ail the utudents. 

As another extension/ you could ask, as you encounter them, 
whether answers to the ~ed statements would change if the 
numoors were frac^' « . /clmals. Children often errone ioly 

think tho operation doeu «end on the numbor ratner than the 
situation. *< id. Subtract, Multiply, or Divtde? 2* asks the 
students to make up a story problem from a given general 
statement like the starred statements here, and could be used 
fairly soon after this sheet. 



Anavara 

1 . add 
2. subtract 
subtract 
4 . mu 1 1 Ipl y 
6. divide 
6. divide 



Additional activities <wlth natural settlnao or as extenoions>i 



Trouble spots: 



Other * 




CHART FOR USES OF 
Kind of smi/mrm Diagram 



Name 
/ X/ AND r 



Usually yqu 



Add 



Subtract 



B. 
C. 



Multiply 



Divide 



B. 



Teacher Commentary 



Chart for Uses. 



Hfll n Qfr l OCUyg The student can eventually link descriptions 
of situations and their operations. 

aSLMUZ Introduce early In the year, even though the 
chart will not be completely filled In until 
later . 

AiOQaPted uae 

The pac® serves as a model for a poster you might keep on the 
wall. As the uses and meanings for the operations are reviewed 
or Introduced, you could tape up new phraslngs and diagrams for 
the operations. So that the students do nai adopt the chart 
language so key words, it Is a good Idea to vary the language 
frequent ly . 

You might also provide a copy for each child for use with 
homework . 

Periodically or once you are confident that the children have 
the content of the final chart mastered, you might teoove It from 
the wall. 



Her j is one forra a final chart might takcj 

Hind ot altuation Diagram U«*ja||v vqu 

A. Put known amounts 

together to find total 



A. One amount Is 
taken from another 

B. Two amounts ^9 
compared 

(C. Hissing addends) 



A. Several amounts, all 
the same, are totalled 
(repeated addition) 

B. Count 1 ng cocnblnat ions 
of choices 

C. Finding a part of 
an amount 

D. Enlargements 

A. Finding how many amoun 
are In a total (repeati 
subtraction) 

5. Finding each share whei 
a total Is shared cqu* 
(sharing equal ly) 

holiur 

10 



3) 



Add 



O-O" - 



Subtract 



(goo) 



Mul t ipl y 



ts 
ed 



I ly 



Division 



Name 



PROBLEMS WITH MORE THAN ONE STEP 

Make a diagram if it will help you. One of the problems takes 
only one step. 

1. Tom ran 2320 feet from Joe's house to Bill's house. Then he ran 
'4 more r xks. Each block was 1050 feet long. V^at iotal 

OISTANCE DID HE RUN? 



2. There were 224 students at the school play. One hundred 

f ifty-six of them sat on the bleachers. the rest sat on benches. 
Each blncm had 6 students, how many benches were used? 



3. Jan was reading a book that had 152 pages. She read 20 pages on 
Monday and 32 pages on Tuesday. How many pages did she read 
those two days? 



ti. A POST 12 METERS LONG IS POUNDED INTO THE BOTTOM OF A RIVER. 2.5 
METERS OF THE POST ARE IN THE GROUND UNDER THE RIVER. 0.5 METER 
STICKS OUT OF THE WATER. HOW DEEP IS THE RIVER AT THAT POINT? 



5. A CARPENTER HAS A BOARD 200 INCHES LONG AND 12 INCHES WIDE HE 
MAKES 4 IDENTICAL SHELVES AND STILL HAS A PIECE OF BOARD 36 
INCHES LONG LEFT OVER . HOW LONG IS EACH SHELF? 



ASL OF BOTTLES OF ORANGE DRINK COSTS S11.50. THERE ARL 12 

iip c i n the case There is also a 15 cent deposit for each 

TLE IN THE CASE WHAT WILL BE THE TOTAL COST FOR 12 BOTTU 
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Teacher Commentary problem© With More Than One Step 



Haln Objective The rUudent can solve multi-step problems* 



When to use Fairly early in the year 



Suoaeoted use 

The Immature strategies mentioned In the prologue often break 
down completely with multi-step problems. On the other hand, 
some students can 'shift gears* and use much more thought on 
multi-step problems. Thus, this page can serve as a diagnostlci 
which students can shift gears, and which can't? There will be 
frustration, so If you can monitor the work well enough, you may 
allow pair or small group work after some Individual work. Th* 
word *C*poslt* (as In bottle deposit) appears In 86 and Is not 
always familiar to the students. 

SING MORE MULTI-STEP PROBLEMS MAY BE THE BEST THING WE CAH DO 
TO DISCOURAGE THE IMMATURE STRATEGIES. Frequently have a 
multi-step prcolea as the 'probie* of the day.' Several are 
Included In 'Story Problem Bank." 



Anewera 



2. 
3. 

4. 

6. 



5520 feet (more than a mile) 
12 (benches) 

52 (pages) (This Is the one-step problemt It has extra 

Inform* t Ion. * 
V meters (This is difficult without a diagram.) 
41 insho (The 12 inches wide Is attractive, especially 
if the students have done area recently.) 



6. 913.30 



UQl£J3 



Additional activities (with natural settings or as extensions)* 



Trouble spotsi 
Other i 
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GIVING REASONS 1 Name 



D i r e ctions Read the information below and then answer at lfast three 
of the questions. show your work and give your reason for deciding 

TO ADD, SUBTRACT, MULTIPLY, OR DIVIDE. YOU HAVE TO DO TWO STEPS IN 
ONE OF THE PROBLFMS. 



HERE ARE THE SUPPLIES A TEACHER HAD FOR 32 STUDENTS. THERE WERE 
2b PACKAGES OF WHITE PAPER AND 20 PACKAGES OF YELLOW PAPER. ONE 
PACKAGE OF PAPER HAS 500 SHEETS IN IT. THERE WERE PADS OF ART 

paper. Each pad of art paper had 36 sheets. There were equal 

AMOUNTS OF BLACK, RED, GREEN, BLUE, PINK, AND ORANGE PAPER IN EACH 
PAD OF ART PAPER. 

1. HOW MANY MC PACKAGES OF WHITE PAPER WE REM HAN OF YELLOW PAPER 7 
fcfQfi* I BECAUSE 



2. HOW MANY PIECES OF BLUE ART PAPER ARE THERE IN ONE PAD? 
tfUfifc I BECAUSE 



3. HOW MANY PACKAGES OF PAPER DID THE TEACHER HAVc? 

I BECAUSE 



*4. HOW MANY SHEETS OF YELLOW PAPER DID THE TEACHER HAVE 7 
Work I BECAUSE 



If Tlk I i ACHE R PASSED OUT ALL OF THE AR I PAPER, HOW MANY PllQS 
WOUtO I ALU Of I HE STUOINIS GEJ ? 

tiaK& 1 - •-- - - 



ERIC DU 



Teacher Commentary oivlng Reasons | 

Mai n Q& l ftct l Yft The student can give reasons for choices of 
operations with story problems. 

Materials needed (Optional) A ream of paper 
(Optional > Calculators 

Khgfl tP untt Any time a*ter language for all the operations has 
been discussed. 

Suggested^ u^j 

Review the uses for the operations if they have not been 
discussed recently (e.g., through the 'Chart for Uses. If you 
are using it). 

Pass out or display the sheet. Illustrate an example (e.g.. 
How many sheets of white raper did the teacher have?) so the 
students see how the bl^r.xs are to be filled (I QulUiijifld 
because thers verc 26 amountn nf oaoor with 500 in ft *ch araount ). 

Assign pairs of students tr work together on the sheet. You 
may choose to have the students work 2 of the first 4 and the 
last one, a multlstep problem. 

Having all the information at the top is more difficult for the 
students to deal with, but It Is much mo-© realistic than the 
three-sentence form for a story problem. 

As an additional exercise for fast-finishers, you could ask 
tha they make up another problem on this theme for the bulletin 
boftri. "Giving Reasons 2" repeats this sort of lesson. 

Anovftro 

1. 25 - 20 • 5. I subtracted because I wanted to compare two 
known amounts. 

2. 36 ? 6 - 6. I oivlded because the 36 pieces were In 6 
equal amounts. 

3. 25 * 20 - 45. I added oecause I wanted to find out how 
much there was in all* 

4. 20 x 500 - 10.000. I multiplied because the werr 20 
equal amounts and I wanted to know how many Vre were In 
all . 

5. 24 x 36 - 664. 664 : 32 - 27. I multiplied clause I 
needed to know how many pieces of art piper there were In 
all. and then I divided because the paper was shared 
equal I y . 

Moteo 

Additional activities (with natural settings or as (tension©) t 



Trouble spotsi 
Other > 



NUMBERLESS PROBLEMS Name 



you need to know only some of the missing numbers to answer the 
questions below. t^kf up your own numbers and put them in the 
blanks just for the numbers you need to know. then answer the 
hjestion. 

1. Last year Arnie missed days of school. Clint missed 

days. itkhael missed days. how many days did arnie and 

Michael miss in all? 
Work: 



I. Annie hao J . Thl 1 Annie bought a record for L 

ANO A PENCIL FOR fc HOW MUCH DiD ANN IE SPEND? 

WORK . 



3. Clare roue her bike for hours. Lach hour she went 

MILES. SHE RESTED FOR MINUTES. HOW FAR DID SHE RlUE 9 

Work: 

l. . A TOUCHDOWN IN FOOTBALL IS WORTH 6 POINTS, AND A FIELD GOAL IS 

WORTH 3 POINTS. IN _ GAMES, YOU MADE TOUCHDOWNS ANO _ 

FIELD GOALS IN ALL. HOW MANY POINTS OlO YOU SCORE IN THESE 

GAMES? 

WORK. 

S You HAU CENTS. YOU BOUGHT AN AHPLE FOR CENTS M ) A 

CARTON OF MILK FOR CENTS. IHEN YOU HAD "N.S Uf T. 

HOW MUCH Dl 0 YO'J SPENO 9 
WOkK: 

62 



Teacher Commentary 



Numberless Probleea 



Main Qblsctl vg The student can Identify the Information 
needed to solve a story p rob I era. 



tfhen to use Any time 



Puooeated uae 

Work 91 togeth.r go the students will understand that all the 
blanks do not have to be filled. Emphasize that careful reading 
of the question Is necessary to know what Information you need to 
know. Problem *6 allows two different choices of blanks. This 
fact could come out in the discussion. 



Antwerp 

(Numerical answers will vary.) 
Hrrrl to know i 

1. nu.'nber of days Arnle missetii number of days Htchael mlooedf 
add these 

2. how much the record cost t how much the pencil coot I add 
these 

3. how many hours Clare rod*! how many miles she want each 
hour; mul tlply 

4. number of touchdowns) number of field goclst « 0 f TDs x 6, 
plus 0 of FGs x 3. 

6- EllhfcC how much the apple cost and how much the at Ik cost 
(then add), ox how many cents at the start and at the end 
( then subtract ) 



Hgtea 

Additional activities 'with natural settings or ao extensions)! 
Trouble spots: 
Other : 
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CHOOSING OPERATIONS REVItW 

WlJAT WOULO YOU DO (ADO, SUBTRACT, MULTIPLY, DIVIDE)... 
1. WHIN ONE AMOUNT IS TAKEN AWAY FROM ANOTHER? 

2 . IF A LENGTH OF ROPE IS CUT INTO SMALLER PIECES OF EQUAL _ENGTHS? 
3. WHEN YOU COMBINE 16 AMOUNTS OP EQUAL SIZE? 

WHEN YGU HAVE 5 EQUAL GROUPS OF 38 EACH? 
b. WHLN YOU JOIN $276 TO ANOTHER AMOUNT? 
6. If AN AMOUNI IS SPLIT EUUALL Y TO StVERAL PLACES? 
/. If VJU COMBINED GROUPS OF 8? 

8. WHLN YUUCOMPARE THE Ml I OUT OF YOURStLF AND A FRIEND? 

9. WHEN YOU TAKE AN AMOUNT FROM $20? 

10. WHEN YOU SHARE ^25 EQUALLY AMONG 25 PEOPLE? 

11. IF ONE AMOUNT IS COMPARED TO ANOTHER AMOUNT? 

12. WHEN YOU JOIN THREE AMOUNTS OF OlFFFRENT SIZES? 

13. IF YOU WANT TO SEE HOW MANY 16S ARE !N SOME AMOUNT? 

Ill . |f YOU PASS OUT SEVERAL PIECES OF CANDY TO 1HREE FRIENDS? 

15. WHEN YOU INCREASE AN AMOUKT BY 1658? 

16. WHEN YOU REMOVE A CERTAIN AMOUNT FROM AN AMOUNT? 

1/ IF YOU HAVE SEVERAL AMOUNTS OF THE SAME SIZE AND YOU WANT TO FIND 
OUT HOW MANY THERE ARE ALL TOGETHER? 

13. If AN AMOUNT IS SH A( <E0 EQUALLY AMONG SEVERAL CONTAINERS 0 

19. WHEN YOU JOIN CERTAIN GROUPS Of EQUAL SlZt? 

20. WHEN YOU WANT TO FIND OUT HOW MANY IN AL' ? 

21. IF YOU WANT TO COMPARE THE WEIGHT OF TWO I TIMS? 

??. If YOU PUT 5 BOXES WITH 36 PENCILS IN EACH IN ONE ( ON I A I NL R 9 
>i t WhE U YOU bLPAKAll 392 INTO 7 GROUPS OF EQUAL AMOUNTS 9 
It *V86 ITEMS ARE PUT INTO GROUPS Of N I N( ? 
O U .V86 IS COMBINED WITH 9? 37 
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Z6. If 2286 IS SEPARATED EQUALLY INTO 9 CONTAINERS'* 

27. IF 9 IS REMOVED FROM 2286 9 

28. IF 9 IS COMPARED TO 2286? 

29. IF 9 GROUPS OF 2286 ARE JOINEO? 

30. if 2236 groups of 9 are put together' 

31. when you want to find out how m«ny in all? 

32. when **8 is removed >rom h67? 

33. when one distance is compared to another 9 

3**. when two different amounts are joiniu io 365 9 

35. IF 17 GROUPS of equal amounts A/E made from U69? 

36. If YOU WAttT TO f IN0 ALL POSSIBLE COMBINATIONS WHEN YOU ARE GIVEN 
CHOICES? 

37. WHEN AN AMOUNT IS TAKEN AWAY F ROM ANOTHER 9 

38. WHEN 67 IS TAKEN FROM *t56 9 

39. IF YOU WANT TO FIND OUT HOW MANY THERE Akt ALL TOGETHER WHEN 
SEVERAL KNOWN AMOUNTS ARE THE SAME? 

IF YOU WANT TO SEE HOW MANY *tS ARE IN 2276? 

*# 1 . WHEN YOU WANT TO FIND OUT THE TOW Of ITEMS AND THERE ARE 28 
ITEMS EACH IN A CERTAIN NUMBER Of GROUPb 9 

U2. IF YOU COMBINE 6 AND 7 9 

*43. IF YOU COMBINE 6 'jROUPS Of SEVEN? 

*4*4. IF YOU REMOVE AN AMOUNT FROM ANOTHER? 

i\b IF YOU WANT TO FIND THE NUMB I R Of CHOICLS YOU HAVf f OR DIFFERENT 
OUTf lib WHEN YOU HAVE '< SHIRTS, 2 TIES, AND 7 PANTS 9 

**6. WHEN YOU WANT TO SEE HOW MAN ( IS ARE IN W 9 

1*7. WHEN SfVERAL AMOUNIb Akt THE SAME AND YOU WANT TO I IND OUT THE 
TOTAL? 

1*8. WHEf; A KNOWN AMOUNI I S SHARl U i QUAl I Y TO Sf VI RAL PI ACE S? 

1*9. If YOU WANT TO FIND OUT HOW MANY AMOUNTS Of THE SAME Sltt THfRE 
ARE IN A GIVLN AMOUNT 9 

50. WHEN YOU WAN I TO COMPARE 5 AND 6 
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WHEN 127.8 IS DECRtASED B» SOME KNOWN AMOUNl? 

IF YOU PUT TOGETHER 23 AMOUNTS OF THE SAME KNOWN SIZE? 

IF YOU WANT TO SEE HOW MANY 17S THERE ARE IN SOME AMOUNT? 

IF YUU TAKE AWAY A KNOWN AMOUNT FROM 615.2? 

WHEN YOU WANT TO COMPARE 76.2 WITH SOME OTHER AMOUNT? 

IF YUU COMBINE 53.3^ AND SOME OTHER KNOWN AMOUNT? 

IF YOU POUR 14 CAf ; OF THE SAME SUE INTO A BUCKET AND YOU WANT 
TU KNOW HOW MUCH YOU HAVE? 

H YUU WANT TO FIND THE UHFEKlNCt BETWUN S 1 1 .89 AND SOME OTHER 
AMOUNT? 

If YUU HAVE 10 MFUkS Ul KU1M AND YOU WAN f TO KNOW HOW MANY 
I* It CI S ?.b METERS LONU YuU CAN oEI? 

IF YOU HAVE SHKLUDtl) wHtAl CIRIAL AND OAT CEREAL » AND YOU CAN 

HAvt a banana or peaches or berries on your cereal* and you want 

10 KNOW HOW MANY WAYS YOU CAN CHOOSE BREAKFAST? 

IF YUU WANT TO KNOW HOW MUCH 2/3 OF AN AMOUNl IS? 

IF YOU WANT TO KNOW HOW MANY 2/3S ARE IN 4 1/2? 

IF YOU WANT TU PAY 0.06 UF AN AMOUNT FOR TAX? 

If YOU WANT TO KNOW HOW MANY 0.06S ARE IN 1.02? 

IF YOU WANT TO FIND THE DIFFERENCE BET WE I N 0.06 AND 1.2? 



6G 
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Teacher Commentary 



Choosing Operations Review 



MftAn QDlQCUVg The objective will vary depending 
on how you use the material. 

Ma nor i al tf nftftrtftd (Optional) Studen* response cards with 
the operation symbols on them 

Whan to ung Any time, Lo review uses of operations 

Scif&a ttuaflftfllflfl Ufflts, 

Ao with "Story Problem Bank,' these questions can be used In a 
variety of waysi as a trnk to select certain types of 
situations, as a source lor a short oral review, as short quiz 
material,... Since one of the four operations is the response in 
each case, you might wish to use student response cards. 

Some of the phrases are not corplete In themselves, leaving the 
sought quantity Implied. Por example, '...when you have 5 equal 
groups of 3tJ each?" <«4> ^nly Imflies that you want to know how 
many In all. If this abbreviated version is not clear to your 
students, you might make explicit the quantity wanted. 



Answers 



1 . 




2. 




3. 


X 


4. 


X 


5. 


f 


6. T 


7. 


X 


8. 




9. 




10. 




1 1 . 




12. 


f 


13. T 


14. 




15. 


♦ 


16 




17. 




18. 




19 


X 




C X 


, 1 f equa 1 ) 


21 . 




22. 


X 


23. 




24. 




25. 


♦ 


26. t 


27. 




28. 




29. 


X 


30. 




31 . 


♦ 


(or x 




f equa I ) 


32. 




33. 




34. 


♦ 


35. 




36. 


X 


37. 




38. - 


39. 


X 


40 . 




41 . 


X 


42. 


♦ 


43. 


X 


44. 




45. x 


46. 




47. 


X 


46. 




49. 




50. 




5> . 




52. x 


53. 




54. 




55. 




66. 


♦ 


57. 


X 


E8. 




59. t 


60. 


X 


61 . 


X 


62. 




63. 


X 


64. 




65. 











Additional actlvltlesi 



Trouble spo^ji 



Otheri 
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STORY PROBLEM BANK 

1. MARY BOUGHT SOMfc SHORTS FOR $17, A P/,^ OF SHOES FOR $28, AND A 
SHIRT FOR $9. HOW MUCH DID SHE SPEND FOR THE SHOES AND THE 
SHIRT? 

2. WILBUR HAD 138 MODEL AIRPLANES. HE GAVE ORVILLE or THEM. HOW 
MANY DIO WILBUR HAVE THEN? 

3. LOU BOUGHT *«8 CANS OF ORI'X. THEY ARE PACKED IN CASES OF 12. 
HOW MANY CASES DID LOU £ ? 

GlNNY DELIVtRS 8*« MORNING PAPERS AND 68 tVENlNG PAPERS. LAST 
NIGHI j HE COILfCTEU $1^8 FOR HER PAPER ROUTE. HOW MANY PAPE*^ 
1)01 S SI E DEL IVEK EACH DAY? 

5. UN oAl UKUAY THE RISTAURANT SERVED '06 rtOPLE FOR LUNCH AND 2**8 
i'EOI'LE t UR DINNER. HOW MANY MURE f EOPLE WERE SERVED FOR DINNER 9 

6. frlLII'E HAS 25 QUARTERS. HOW MANY NICKELS CAN FELIPE GET FOR HIS 
25 QUARTERS? 

7. Martin has twenty luins tu p:»t into his book. F . coins go on 

EACH PAGE. HOW MANY PAGES WiLL he f ill? 

8. THt RECIPE FOR FRUIT SALAD CALLS FOR *4 APPLES, F IANY APPLES 
ARE NEEDED FOR 3 BATCHES OF THE SALAD? 

Q. Mrs. (Hrcia drove 350 kilometers each day. She traveled for 15 

DAYS. HOW FAR DID SHE RAVEl DURING HER TRIP? 
!0. PtTF SOLD **9 I TfcMS ON MOND,sf, 56 ITEMS ON T ...SDAY, AND 1*1 ON 

wednesday. how many more i t£ms did he s"' l on monday than on 
Wednesday 9 

11 FIFTY-FOUR STUDENTS ATTENDED THl CLASS PICNIC. THERE WERL NINE 
PICNIC TABLES. THE SAME NUMBER Ok- )ENTS SAT AT E At H TABLE. 
HOW MANY STUDENTS SAT AT EACH TABL£? 

12 There are seven package of cupcakfs with cupc/.sEs in a 
PACKAUfc. How many cupcakes are there? 

13 TEO WENT TO DAY CAMP FOR SIX WEEKS, AND HE ATTENDED 5 DAYS A 
WEEK. H0'1 MANY DAYS DID HE SPEND AT CAMP? 

1/4 RAUUl ' SPENT $36 FOR SOME TICKETS. fc ACH 1ICKEI COSI i'' . HOW 
' MANY TICKUS DID SHE BUY? 



IS Thtkl WLKI <4 SHIPS HAVING IN THl NEXT HOUR. t ACi 
IKIH W .76. HOW MANY CRlW MLMBE RS WERE LEAVING 9 



[ ACH >HlP HAD A 
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17 ' ™ ?U l GAMt tACH T,Mt Y0U PASS HoM ^ YOU COLLECT WOO. HOW MUCH 
DO YOU COLLECT BY PASSING HOME 12 TIMES? 

18 ' noV o^r?' SC ^ L , 5NA ^ K L0RI C0ULU HAVE AN APPLE, A TANGERINE, 
OR r RANGE. SHE COULD HAVE A GLASS OF JUICE OR MILK FOR A 

DrInK? MAN1 D,FFERENT CM0,< - ES OID SHE HAVE FOR A SNACK AND 

19. Sam buys oranges by the crate. Each crate costs $13.98. how 

MUCH K'LL 17 CRATES COST? 

20. Scott went to school for 186 days lasi year. How many days 

f TING THE YEAR WAS HE NOT IN SCHOOL? 

21. RAMON HAD 28 PIECES Ul BUbBL E UUM. HE SPLIT THEM EQUALLY AMON6 ** 

fku.ujs. how many treats did each friend gei? 

22. Chris earks $13 a week un his paper rouu. He is saving to buy a 
ska1e board for $59. how muc "ll he earn in 5 weeks? 

23. 20 BEADS ALL T 3ETHER. ^ i i.uS HOW MANY BEADS ON EACH 
STRING? 

2h. w nter vacation lasted 3 weeks. how many days wab ihis? 

25. Rent for our apartment is $**50 a month, whai does ; t ost to 
rent for the year? 

26. Michelle has r HREt shirts, two pairs of slacks, 'nd iwo sweaters. 

HOW MANY DIFFERENT WAYS CAN SHE DRESS? 

27. lOU HAD 375 BASEBALL CARDS. MlNDY HAD 1^8 CARDS. HOW MANY MORE 
DID LOU HAVE? 

28. Sena sleeps 8 hours each night. How many hours each day is Sena 

AWAKE? 

29. BRfNNAN HAD 500 MILLILITERS OF Mil K . HE USED 212 MILLILITERS IN 
A RECIPE. HOW MUCH MILK DOES BRENNAN NOW HAVE? 

30. oUMMER VACATION LASTED 91 DAYS. HOW MANY WEEKS IS IHIS? 

31. Maria swims 35 minu^s each day. How many MiNuUb did she swim 

OURING THE LAST 2 WEE Kb? 

32. The bicycle shop has 21 t ike pumps. Th*y sm au c.ut h of them 

FOR A TOTAL OF $255. WHAf IS THE AVERAGE PRICE 0^ A TIRE PUMP? 

33. Terry praciius piano *i5 minuies each day How many minutes does 
he "kacti' ' a wiek 9 

ft, A * MA I H TtXIUOOK CO- 1 S $/.*>0. T* 1 WOKKBOUK MAT GO'S WITH IHL 

TEX <OSTS $?.6V. The principal ORDERID " OF each. Wiai is 
THE TAL COSI? 
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35. Marilyn sold 27 raffle tickets at $2.50 a ticket. How much did 

SHE COLLECT FOR THE RAFFLE? 

3*. Fran completed the bicycle race in 3 hour*, her total distance 

WAS 33.6 KILOMETERS. HOW FAR DID SHE TRAVEL IN ONE HOUR? 

37. tut art show was presented on monday and tuesday. 78 people saw 
the show on hohoay . 216 people saw the show in all. how many 
plople saw the show on tuesday? 

38. the baseball team's name will be two words. the first word will 
be Red, Mighty, or Hard. Ihe second word will be Hitters or 
Knockers. How many different name combinations will there be for 
the team to choose? 

39. manuu buys four note books at 89 cents each and 6 pencils al 15 
unts each. how much did he spend? 

f *0. A LIBRARY HAS I SHflVES Of b lUi :<APH 1 1 S . EACH SHELF HOLDS hb 

books. How ma a y biographies akl in the library? 

'♦1. Jlnny collectld sticke.'s. Each sticker book contains 35 
miCkers. How many stickers are needed tc fill 27 booklets? 

h2. Mei issa made 9 cakes for the Student Council lake sale. She sold 
them for $2.50 fach. each cake cost si. 08 for ingredients . how 
much money did student council make on each cake after they paid 
Melissa for the ingredients? 

4*3. In the korning there were 9,578 books in the library. At the end 

OF THE OAY THERE WERE 7,989 BOOKS IN THE LIBRARY. HOW MANY WERE 
CHECKED OUT THAT DAY? 

Ml. Ml LORE D RIDES 10 KILOMETERS EVERY WEEK TO DELIVER PAPERS. HOW 
MANY KILOMETERS OOFS SHE UIDE IN A YEAR? 

lib Tyrone ordered microscopes from the science catalog. The total 

COST OF SHIPPING EACH MICROSCOPE IS $1.65. HOW MUCH WILL IT COST 
TO SHIP ALL <4 M'LROSCOPES? 

**6 fwO TEAfHfRS AND TWO PARENTS ARE GOING WITH THE CLASS TC THE 

AMUSEMENT PARK . ADMISSION FOR AN ADULT IS $13.75. HOW MUCH DOLS 
IT COST for THE *4 ADULTS? 

til. AN AVERAGE PAGE HAS 385 WORDS ON I T . HOW MANY WORDS ARE ON 35 
PAGES? 

<*8 Tammy's dad took us to a baseball game. He spent $'♦. 00 cN 

PARK.NG, $15.00 ON TICKETS, AND $17.78 ON FOOD. HOW MUCH DID HI 

sn no 9 

'•9 Muijini Council charged $0.25 aomission 10 ihe movu '^shval. 

98 LlUUlNlS AIUNULU. H0< MUCH MONE Y DID STUDENT Coi.rfClL 
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50. Tom coluciEo $3.10 from each of the 2'* customers on his paper 

ROUTE. HE ALSO EARNED $13.75 IN MPS. HOW MUCH DID HE COLLECT 
IN ALL 9 

51. There are 86<* books on the library shelves. 1^8 books are 
reference books and 120 books are fiction, how many books are 
not reference or fiction books? 

52. The football stadium hoios a total of 896 people. There are 8 
sections of the same size. how many people ^an be seated in each 

SECT I ON? 

53. Each stuffed animal costs $5.89. Wuly bought 3 animals. How 
much did he spend? 

5*1 . 21 benches. 3 people to a bench. how ^ahy people > 

55. Evan entereo a bicycle race. He traveleo 6.9 kilometers an hour, 
how far did he travel in ^ hours? 

56. Roberto traveled 95 meters per minute on his bicycle. How far 

DOES HE TRAVEL IN 15 MINUTES? 

57. TWO LITERS OF DRINK COST $1,78. FOUR LITERS OF OK INK COST $?.^0. 
F I Nil EACH UNIT tOST. MUCH IS A BETTER BUY? WHAT IS THE 
DIFFERENCE BETWEEN THE UNIT PRICES? 

58. THF SCHOOL SUPPLY STORE HAD 60 PAIRS OF SCHOOL SHOELACES ON SALE 
FC 1 $1.50 EACH. AFTER THE SALE THERE WERE 36 PAIRS LEFT. HOW 
MUCH MONEY WAS COLLECTED FOR THE LACES THAI WERE SOLD 9 

59. In art Jason made a set of matching place mats. He used 6^ GRr c »j 

PLASTIC STRIPS AND 80 YCLLOW PLASTIC STRIPS. EACH PLACE MAT 
NEEDED 18 STRIPS. HOW MANY MATS Dl" JASON MAKE? 

60. Ramon has $68. Sally has $<i9. Sally spends $13. How much more 
money does Ramon have than Sally does now? 

61. A RECIPE FOR PARI Y PUNCH ^ALLS FOR 6 CU* S OF tRANBERRY JUICE AND 
8 CUPS OF GINGER ALE. HOW MANY CUPS OF LIOUIO WOULD IT TAKE TO 
MAKE 9 RECIPES? 

62. IHE P1A ORDERED 18 BOXES OF PUNCH. IN EACH bOX^ THERE WERE 32 
PLASMC BOTTLES OF PUNCH. DURING THE FUN FAIR 26/ BOiTLES WERE 

used. how many were left? 
63 Suppose you take 16 brea.hs per minute. How manv minutes have 

PASSED IF YOU HAVE TAKEN 208 BREATHS 9 

6** The wall plaque *or the spuch contfsi cost $S9. The trophy for 

IH£ FIRST PLACE WINNER WAS $75.65. HOW MUCH WAS SPENT 0" THE TWO 
ITEMS 9 

65. IN THE SUPERMARKr TH'RE ARi 10 ( Hf CKOU J COUNT* RS TwO COUNTERS 
TAKE 10 ITEMS OR LESS. Tl< EE TAKE 20 HEMS OR LESS. HOW MANY 
take m:;e THAN 20 ITL.4S? . 

71 



ERIC 



66. WltUWOOU CHOOL RECEIVED 210 BANNERS. EACH OF THE 14 CLASSROOMS 
WILL RECEIVE THE SAM7 NUMBER OF BANNERS. HOW MANY BANNERS WILL 
E'.H CLASS RECEIVE? 

67. A SET OF MODEL CARS COSTS %]QM. THERE ARE 12 MODELS IN THE 
SET. HOW MUCH OOES EACH MODEL CAR COST? 

68. 12 DIVISION PROBLEMS. 18 MULTIPLICATION PROBLEMS. 12 MORE 
DECIMAL PROBLEMS . 126 MINUTES SPENT SOLVING THE PROfiucMS. ON 
THE AVERAGE HOW MANY MINUTES WERE SPENT ON EACH PROBLEM? 

69. Ms. Roberts purchased 12 paint sets. How much ange did she get 

FROM ISO. 00 IF THE SETS COST S3. lb EACH? 

70. POSMK LULORb COME IN RED, BL Uf , OR GREEN. POSTER LETTERING 
COMES IN WHITE, YEttOW, OR BLACK. PlND ALL THE D 1 1 FERE NT 
PUSSIBLE COMBINATIONS. 

71. Till RE ARl \\h PACKAGES Uf PAPER IN THE STORE ROOM. 78 PACKAGf b 
ARE WHITE AND 27 ARE BLUE. HOW MANY ARE NOT WHITE OR BLUE 7 

7<. IN ONt WlEK ?*t STUDENTS COLLECTED 504 CANS OF CANNED GOODS FOR 

THE SCHOOL DRIVE. PRETEND EACH STUDENT CATHERED THE SAME AMOUNT. 
HOW MANY CANS DID EACH STUDENT GATH£3? 

73. THE STUDENTS HAVE 19 Br XES OF T-SHIRTS KITH 25 SHIRTS IN EaCH. 
HOW MANY T-SHIRTS DO THE STUDENTS HAVE? 

7«*. THERE WE*E <l30 PEOPLE AT THE MUSICAL PERFORMAi ~E GIVEN BY THE 

f IMH AND SIXTH GRADE STUDENTS. ?95 OF THEM SAT IN CHAIRS. THE 
HI SI SAT ON BENCHES. CACH 8ENLH HOLDS 15 PE nP LE . HOW MANY 
BENCHES WERE NEEDED? 

75. Hllt HAS SHORTS, 3 SHIRTS, AND 2 SWEATERS. HOW MANY DlfFEREN! 
OUTf ITS CAN HE WEAR? 

76. Rhonda wants to buy a new bicycle. There are 5 differeni colors. 

ti DIFFERENT STYLES, AND 3 DIFFERFNT SPEEDS (1-SPEED, 3-SPEEO, 
10-SPEED). HOW MANY CHOiCES DOES SHE HAVE? 

77 Tony wants to But a camera that costs S112.50. ony can save 
$2.50 a week. How many weeks will 11 take 10 sAvt Enough money 

78 Mrs. Johnson oroered 2h boxes of computer disks. The total cost 
was $*i56. How much was each box? 

79. S0K( COMPUTER PRINTERS CAN PRIN! 15,000 LINES AMINUH. HOW MANY 
LINES A SECOND IS THIS? 

BO A mcnoNARY costs i??.U. There aki 35 dictionaries on jrdir. 

V*US Will Uf T Mi 10IAI C0S1 Uf Till SI BOOKS' 

81. I All! PAdl OE A PHU10 At BOM HOLDS 6 PHOTOS. HOW MANY PHOTOS Wilt 
:<t Nl I til l> 10 f III ^8 PAGIS 7 4-> 



82. A PHOIOGRAPHER TOOK 972 PlUURlS. THERE ARE 36 PI CURES ON A 
ROLL UF FILM. HOW MANY ROLLS OF FILM DID THE PHGIO"<APHER USE? 

83. THE BASKETBALL TEAM SPENT $108.^8 FOR BALL S, 5268 FOR WARM-UP 
SUITS, AND $58.79 FOR TWO BACKBOARDS. HOW MUCH CHANGE DID THE 
TEAM GET BACK FROM 5500.00? 

8*«. MATT'S FAMILY PAID $3*t9 FOR A VIDEO RE r ORDER. BRAD'S FAMILY PAID 
$^89 FOR A RECORDER. How MUC.I MORE DID BRAD'S F/> »LY SPEND? 

85. There are **l,520 toothbrushes to be put in boxes 120 

TOOTHBRUSHES ARE PACKED IN EACH BOX. HOW MANY BOXES ARE NEEDED? 

86. Sand> Buys a glove for $17.85 and an unuorm fuR $3**.29. How 

MUCH CHANGE WILL Slit RECEIVE FROM $100 7 

87. The siudent council had $1286 lu spend o.i video equipment. Tncr 
spent $575.85 on a video recorder and $?1<4.?7 on a television, 
and they bought 5 video records r iafes ai vi.89 each . how much 
money does the student council have n'jw? 

88. Sarah entered the bike-a-thon. She ruejved a piedge of 25 cents 
a mile from her father and a pi edge of 10 cents a mile from her 
brother. Sarah rode 22 miles. How much money lid she collect 
for thf bike-a-thon? 

89. j0nath0n had a piece of rope ^8 meters long. if he cul the long 
piece into smaller pieces 3 meters i ong and soi (j them as jump 

ROPES AT 59 CENTS EACH, HOW MUCH MONf Y Will HE MAKt? 

90. THE SIXTH GRADE DONATED M6 CANS OF FOOD TO THE FOOD DRIVE. THE 
FIFTH GRADE DONATED 259 AND THE FUURIH GRADE DONAJED 379 CANS. 

These canned goods were shared egiuauy among ihe u area food 

PANIRIcS. HOW MANY CANS DID EACH ONE RECEIVE 7 
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Teacher Cossssentary 



Story Problem u&nk 



Hatn Oblectlvw The objective will depend on how the 
bank la used. 



When to una Whenever a ©election of etory problem© 
Is needed 



Sos» PuQpcated uses 

The bank could 1 >o used as a source of problems of particular 
types--©. g., you night want to pick out multiplication problems 
to give the students to tell what kind of multiplication use they 
illustrate. Or you might be looking for some multi-step problems 
to use as class openers on certain days. /ou might be planning a 
mixed operations list of story problems, and could draw from the 
ones In the bank... 

Whenever your students make up story problems, or you find 
additional lists of problems, add them to the bank! 



Answers ma - m 

1 . ©3? ♦ Irr 

5. 142 - 

9. 5250 km x 

13. 30 x 

17. ©4800 x 

21. 7 -r 

25. ©5400 x 

29. 286 mL - 

33. 315 x 

36. 11.2 -r 

40. 315 x 

43. 1609 - 

47. 13.475 x 

51 . 696 ma ♦- or - 

55. 27.6 km x 

68. ©36.00 mo -x 

62. 309 ros x- 

66. 15 r 
70. 9 x 
73. 475 x 
77. 45 - 
hi . 268 x 
64. ©140 

87. ©471 .43 ms x*- 

69. ©9.44 ma ?x 



m- 


step lrr 


* Irrelevant Information 


2. 


84 - 


3. 


4 T 


4. 


152 ♦ irr 


6. 


125 x 


1, 


4 T 


6. 


12 x 


10. 


35 - Irr 


1 1 . 


6 - 


12. 


26 x 


14. 


9 T 


15. 


1 104 x 


16. 


II O0 4 - 


16. 


6 x 


19. 


©237.66 x 


20. 


179 - 


22. 


©66 x lrr 


23. 


5 ▼ 


24. 


21 x 


26. 


12 x 


27. 


22V - 


26. 


16 - 


30. 


13 t 


31 . 


490 ms x x 


32. 


)15 ma - r 


34. 


©1457. 17 ms + x , 


or xx* 


35. 


©67.50 x 


37. 


138 * 


36. 


6 x 


39. 


©4.46 ms xx* 


41 . 


945 x 


42. 


©12.76 ms 


xx- or 


-x 


44. 


520 x 


45. 


©6.60 x 


46. 


©55 x 


46. 


©36.78 ♦ 


49. 


©24.50 x 


60 


©68 15 ma x* 


52. 


112 - 


53. 


©17.67 x 


54. 


81 x 


56. 


1425 m x 


57. 


©0 .04 ma t 






59. 


8 ma ♦ r 


60. 


©32 as - 


- 61. 


126 ma *x 










or + 


63. 


13 -r 


64. 


©134.65 ♦ 


65. 


5 ma - - 










or ♦ - 


67. 


©0.87 r 


66. 


3 ms ♦ 


- 69. 


©5 m i x * 


71 . 


9 DO ♦ - 


or - 




72. 


21 -r 


74. 


9 B© - T 


75. 


24 x 


^6. 


60 x 


70. 


©19 -r 


79. 


250 r 


60. 


©774 90 x 


82. 


27 + 


83. 


©64.73 ma 


♦ - or - - - 


86. 


346 - 


66. 


©47.66 ms 


♦ - or - - 


or - 


- x - 


66. 


©7 . 70 ma 


xx* or *x 


90. 


271 mo ♦ r 
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ll'dtjt' 48 i i> blank to keefj the btuJunt pu<je«> btJitny 
on odd p<itjes . ) 
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Name 

2kO BOXES 

PUT +, X, OR i IN THE BLANK TC TELL WHAT YOU WOULD DO TO 
ANSWER THE QUESTION. 

I. 2<*0 bOXES, WITH 16 CANS IN EACH BOX . 

HOW MANY CANS ARE THERE IN ALL? 



2. 21*0 BOXES, WITH 16 BOXES PUT ON EACH 
TRUCK. HOW MANY TRUCKS ARE NEEDED 
IN ALL 9 



3. 2^0 BOXES, WITH 16 OTHER BOXES HIDDEN. 
HOW MANY BOXES ARE THIRE IN ALL? 



2h0 boxes. Then 16 of them are hauleo 

AWAY. HOW MANY BOXES ARE THERE NOW? 



3. 2^0 BOXES, ALL TO BE PUT ON 16 SHELVES . 
HOW MANY BOXES WILL BE ON A SHELF, IF 
EALH SHELF GETS THE SAME NUMBER? 



6. 2W boxes. There are places for 16 of 
them. How many boxes do not have 

PLACES? 



7. WRIU YOUR OV.N PR0Bt c .M ABOUT 2*iQ BOXES. 
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Teacher Commentary 



240 Boxeo 



Main nhiectivp The student can select 'he appropriate 
operation for « given story problem. 



Wh»n to ur o Any time after basic meanings for all the 
operations have been reviewed 



Siooeated use 

Sometimes students look at the numbers In a story problem and 
look at their relative sizes for cues as to what operation to 
use. To show that thlr Is qq_L at all a good method, this page 
uses the same numbers. 240 and 16. In each problem. Thinking la 
the best pol Icy ! 

If the utudents have had quite a bit of experience with the 
meanings of the operations, this could serve as an Individual 
worksheet, with som* sharing of the story problems written for 
«7. (You could add the story problems to "Story Problem Bank.") 

If the students are not so exper'enced. uclng a transparency 
and basing a discussion on the problems, one by one. might bo 
most prof I table . 

As a follow-up. you might have the student** write story 
problems using the different operations but the same numbers. 
You could use 'easy' number like 12 and 4 for some students, and 
larger numbers like 144 and 16 with o hers. 



1 . X 

2. 7 

3. ♦ 

4. - 

5. r 

6. - 

7. Problems will vary. Collect for Mter use 



Notes 

Additional activities (with naturai settings or as extensions)! 



Trouble spotsi 
Other i 



GIVING REASONS 2 Name 



DlBEXIiOtiS Read the information below and then answer at least 

THRFE OF THE QUESTIONS. SHOW YOUR WORK AND GIVE YOUR REASON FOR 
DECIDING TO ADD/ SUBTRACT, MULTIPLY, OR DIVIDE. 



a cafeteria served 18 football players lunches one week, monday 
through Friday. The players ate 270 hot dogs and 288 hamburgers. 
Each sandwich has 2**0 calories. They drank 360 drinks; 250 were 

MILK AND THE REST WERE JUICE DkINKS. 



HOW MAHY HOT DOGS DID THEY EAT EACH DAY, 
NUMBER EACH DAY? 



IF THEY ATE THE SAME 



WORK 



BECAUSE 



HOW MAN f FEWER HOT DOGS DID THEY EAT THAN HAMBURGERS? 



I 



BECAUSE 



HOW MANY CALORIES WERf IN ,1E HAMBURGERS ALL TOGETHER? 
WORK 



I 



BECAUSE 



If THE PLAYERS DRANK 26 JUICE DRINKS ON MONDAY, HOW MANY JUICE 
DRINKS DID THEY OR INK THE REST OF THE WEEK.' 

**** | _ BECAUSE 



AND I BECAUSE 

HOW MANY SANDWICHES ulf) EACH PLAYER EAT, IF THEY ALL ATE THE SAM 
NUMBE H° 
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T>^wior Commentary 



Giving Reasons 2 



MfllO QD.iOCttYC The student can give reasons for choices of 
operations with stor problems. 



Material o needed, (Optional) Calculators 



When to uaa Any time after "Giving Reasons 1". 



Suocigatgd use 

Depending on how "Giving Reasons 1" went, you might Ueat this 
page as an individual -student activity or as a work-in-pairs one. 
Have someone read the story, and remark that the players had two 
kinds of sandwiches (some students may doubt that "h dog* and 
"hamburger" mean sandwiches). 

The first three problems are one-step ones* the last two are 
two-step ones. The directions call for the students to work 
three; you may choose to have them work 2 ot the first three ana 
MA, or some other selection. 



1. 270 t 5 - 54. I divided because the total amount was split 
up evenly among the 5 days. 

Z. 288 - 270 -18. I subtracted because I wanted to coeapere 
the two amounts. 

3. 288 r. 240 - 6' .120. I multiplied bec£ ise I wanted to know 
how many In ail and each hamburger had the .same amount. 

A. -»60 - 250 « U0. 110 -26 « QA . I subtracted the first time 
because part of th* total was 250. and the second time 
because Monday took away 26 of the 110 Juice drinks. 

5. 270 ♦ 288 - 558. 558 -18 - 31. I added to find the total 
number of sandwiches, and then divided because each player 
ate tne same number. (Another way. (270 f 18) ♦ (288 7 18) 
* 31. assumes that each player ate *hs same number of OAfih 
k I nd of sandwich . ) 



Additional actlviMee (with natural settings or *s extensions)! 



Trouble spotsi 



Other 1 
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Name 



SPACE VISITORS 



Space visitors from another planet need some help with their 
mathematical thinking. put x, or f in the blanks to tell 
the visitors what to do, 



1. TO COMBINE 20RKS AND hH 20RKS: 

2. TO FIND HOW MANY OXYGEN MASKS ARE IN \\ 
BOXES, EACH WITH f?/f OXYGEN MASr. a : 

3. TO FIND HOW MANY BOXFULS 07 FILM CARTRIDGES 
hllKf AKl If THikF ARC *>* f ILM CARTR I06FS 
AND >f f ILM lAKTKIhGl S IN EACH BOX: 

to mnl) how many oxygen masks each space 
visitor gets if they have oxygen masks 
for <?u visitors: 

5>. to find how many snipples there are after if 
snipples are eaten from a box of af 
snipples: 

6. to find how many space suits arc needed if 
there are 91 visitors but only « a space 
suits (each visitor needs one space suit): 

7. to find out how many ways they can go from 
Earth to planet Mook and then to planet 
7tor, if there are a ways from earth to 
>*x)k and * ways from mook to zyor : 

8. to find out how many space visitors there 

ARE IF THEY ARE SITTING IN ROWS WITH Art 

visitors in a row: 

9. Make up your own problem about the space 

V i S I TORS. 



0 



Teacher Commen tary 



Space Vlaitoro 



tisUfjL_L!iue£liye lrc student can choose ihe correct operation 
tor *i story ProDiem 



WtlgD \Q gafi Any time after work with uses and meanings tor 
aii the operations. 



This page is a review page, so an individual worksheet lesson 
could lie used There ar e a few nonsense woi <is in the problems 
<«1 2ork. ttb snipple) You may wai,' some sharing of the story 
problems made up in RV 



1 ♦ 

2. x 

3 7 

A 

5 

6 - 

"* x 

8 x 

9 Pr od 1 ems will vary 

Additional activit.es (with natural settings or 33 extensions). 



Trouble spots 



Other 



S4 



LEVS SHOP 





Teacher Commentary Let 'a Shop 

Main Q&lftCtlVO The student can maker up story prob.ems 

for given operations from a fairly natural 
sett Ing. 



Materials needed l. Cards or om/.ll pieces of paper with one of 
"add," "subtract," "multiply," or "divide" 
written on each. 

2. (Best) Enough discount story ads or news- 
paper ads so that there Is one for every 
two students. Otherwise, the rover&e page 
can serve ac an advertisement. 

3. Calculators 



Vh. n to use rtny time afttr meanings for all the operations 
have been discussed. 

SUQgflgtfld..Uflg 

Announce that to ay we are going to plan our sho^pir.g. Give 
each child a card with an operation named on <t, and g:«9 pairs 
o; children an advertisement. It is best If the pMr sharing an 
advertisement have cards with dl f f erent operations. Each student 
Is to m?ke up a story 4 cob I era using Information from the 
advertisement and requiring the operation on hls/ne card. You 
may want the student to show a solution for his/her problem also. 
(Students may wa-t to trade carde, so plan whether you want to 
let them or not 

After each student has mace up a shopping problem, have thi 
pair make up a story problem th*t requires bfllh operations. 
Problems can be shared, but often students know »/hat operations 
were on their neighbors' cards. 

The etory problemj can be collected and ijsed later for a 
worksheet o? story problems (see "Shopping Problems" for an 
example), or added to "Story Problem Bank." 

Collect the cards with the operations on them sl.ve this oort 
of activity is easy to repeat with different adverU semen to (or a 
transparency of newspaper advertisement). You may choose to 
limit the c«.rc ' to -"implication and division, or have more 
multiplication ard dlvlolo/ cards than Addlt,on and subtraction 
ones. 



Additional activities (with natural settings or as extensions)! 



Trouble spots: 



Other i 

S6 
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Name 



SHOPPING PROBLEMS 



Figure out answers to these shopping problems that some students 
made up. you may use a calculate. 

1. OUR FAMILY WAS REDOING OUR BATHROOM. My MOM WANTED 2 NEW BATH 
TOWELS (S3. 1^), NEW "APES ($21.97) AND 3 80TTLCS OF VANISH 
($2.97). hOW MUCH WOULD EVERYTHING COST ^OMBINED? 

2. IF YOU GET TWO JARS OF PEANUTS FOR $1.97, HOW MUCH WOULD EACH JAR 
COST? 

3. HOW MUCH MONEY WOULD PEANUTS ($1.97) AND CHUt «»l ATE-CUVERED CHERRIES 
($.88) COST? 

SAIVAH BOUGHT 2 JARS CF PL ANUTS . YOU CAN BUY 2 J*PS FOR $!.9 7 . 

Sarah had $3.00. How much change will she get back? 

b IF I HAD FIVE DOLLARS, AND I BOUGHT CHOCOLATE-COVE f,r D CHERRIES AT 
88 CENTS A BOX AND A BOX OF SANDWICH BAGS AT 38 CENTS A BOX, HOW 
MUCH WOULD I HAVE 1£FT? 

6. I BOUGHT A PAIR OF SHOES FOR SHIRLEY, JENNY, KRISTA, AND KAREN. 

Each pair cosr $M.90. How much money did I speno? 

7. I WFNT TO THE K-MART. My FRIENDS AND I HAt, $10.00. I BOUGHT h 
CANS OF PEANUTS AND THE COST WAS $1.97 EACH. HOW MUCH CHANGE WOULD 
WE GET BACK? 

8. GlNA BOUGHT 2 TOWELS FOR $3.1*4 AND NlW DRAPES FOR $2i.97 AND 3 
BOTTLES OF VANISH FOR $2.97. IRLNE BOUGHT 2 JARS OF PEANUTS FOR 
$3.94. HOW MUCH WILL WE HAVE TO PAY IN ALL? IF EACH ITEM WAS THE 
SAME PRICE, WHAT WILL EACH ITEM COST? (THERE ARE 6 ITEMS.) 

9 WE BOUGHT h BOXES OF CHOCOLATE -COVERED CHERRIES FOR $.88 A BOX. WE 
ALSO BOUGHT 1 JAR OF PEANUTS FOR $1.97 AND 2 BAGS OF PO°CORN FOR 
$1. HOW MUCH MONEY DID WE SPEND? HOW MANY ITEMS DID WE BUY? 




Teacher Commentar 



Shopping Problem* 



MiAlLJ2D-LCU.U^e The student c-n select ihe correct operation 

in a mix. 1 o^erat ( s I j st cf story problems. 



MfiLlCI l-d 1 3 neeae g Ca t cu 1 at or s 



tfh£Q_ *Q u se Any t ime 



This I is«. of shopping problems could serve in lieu or a 
selection of the problems written during "Let s Shor * Those 
w*re written by students, and »n a case or two < *9 for example) 
may not be completely clear (did 2 b, gs cost a total of 91 or did 
each bag cost SI?). These can be used to point out the 
desirability, and even the necessity, of clear writing. 



Answers 



930.06 

2 99 cents <»' V85> 

3. 92.85 

4. 93.03 
5 93 54 
6. 951 <>0 
7 92 1 2 

8. ' 4.02; 94 2b2b (meaning'' 

9 97.49. 7 items 



Acditional activities (with natural settings or as extensions). 



Trouble sp 
Other : 



Name 



ADO, SUBTRACT, MULTIPLY, OR DIVIDE 2 

Fill in thl blank with ado, subtract, multiply, or divide. Write 
a stjry problem to siow each statement . 

When you want to tompare two amounts, one way is to .. 

Story problem: 



When you want tc fino out how many in all, you 
Story problem: 



to i ind out how ntany amounts of the same olze there are in a 

known total, you * 

Story problem. 



TO FIND OUT HOW MANY THERE ARE ALL TOGETHER WHEN ALL THE AMOUNTS 
ARfc THE SAMLx YOl» CAN 

Story problem: 



WHEN AN AMOUNT IS SHARED OR PASSED EQUALLY TO SEVERAL PLACES 
YOU 

Story problem: 

S9 

86 



Teacher Commentary Add. Subtract, KuLlply, or Divide 2 

Hft l n . Q^QCU Yg The student ' -> write story problems, given 
general desctiptlons of ?ltu*tlons. 



^foff) tP Uffg Soon after the first 'Add. Subtract, Multiply, 
or Divide? 



Ajooeoted ugg 

If your students have not had mucn experience at making up 
story problems, you may wish to have pairs of students i/ort> 
together. Some class discussion ("What operation wouU be 
used?") of a few ■favorite" story problems Is worthwhile. 
Collecting the problems and reading them may give you an Idea of 
which situations need more attention. 

first efforts are often not extremely imaginative (you may get 
lots of problems about apple). Typically, Inexperienced students 
make the«)e errors forgetting to write a question) writing a 
take-away subtraction story when a comparison subtraction Is 
Involved <*l)i mixing up the two kinds of division situations, 
repeated subtraction (»3> and sharing equally <t5>. 

As a follow-up, you might cut o* and post several of the story 
problems, (a) as challenges to ot k ~s or <b) grouped by operation 
so that the students see a variety of situations for addition, 
subtraction, etc. As an extension for experienced students, 
suggest that they Inlude «~xtra (Irrelevant) Information In their 
problems. 



1. subtract (The stories should Involve a contrast of two 
distinct amounts, as oppose^ to the removal of a subset of 
a set In takeaway subtraction.) 

2. add 

3. divide (Repeated subtraction should make sense for the 
story . ) 

4 . mul t Iply 

6. divide (Sharing equally should make sense for the story.) 



Notes 

Additional activities (with naturt I settings or as extensions)! 



Trouble spotsi 



Other t 

87 



Name 



HLADLIf£S! I 

MAKE UP A STORY PROBLEM FOR fcACH hEAOUHE! 

1. $10,000 ♦ $20,000! 



2. $50 - $36.^! 



58 x $0.W 



h. $100 t k\ 



5. (3 x 35) ♦ 45 ! 
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/TxiRA! tXTRAf . 
/ RlAO AIL A30U? if*] 
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Teacher Commcntar y 



Heddl in«9t t 



b **<i-m^£Il_y fi The atuaent ,-.n . 

s'ory priSUm Pfe3a, ° n lo J " appropriate 



lh. leader ? 9 m S < m^'V ' ier " " * 
activity wen i iiq something reaay 



You mtght have QrouDS * - 

oihe- 9 rou P3 . -Ht.al,^ .- I L,' 1 ' 9r ° up ' «•« w<t>> 
approach. A 3 the ch. Idfen a. *L Ur ° 9t d mo ' e '**«•«<• Uw« 
proo'ems they ^ u „ ° " m ° re Cf ' ence • th * »>ory 

steps. irrelevant infoimation ano multiple 

Collect the Pro o,e m3 - «" •« «>. 



Aaa^.ona, .ct.vu.es <w,th natural 3cltin93 or d3 cxtt „ 3lon3) . 



TrouOle spots 



Other 



Name 

ASKING THE QUESTION 



WKIIl A (JUL SI 'ON THAT THE PERSON MIGHT HAVE BEEN ANSWERING. 



1. OKI S SAW SOME EARRINGS THAT C~ST S2.98 FOR A PAIR. SHE SAW 
SOME BRACELETS THAT COST $1.29 EACH. 

Amy's work: What question did Aky answer? 



Diunnl's work: Qui si ion 



?. f)Ul MTRL HAS BOOKS ABOU T SPORTS FO,< SO. 89 EACh. IT ALSO HAS 
GOOU BAILS i OR S6.^8 EACH. 

Pat's work. What question did Pai answer? 

% IO.QO 
- L jS 
1 3 0 2 A.> v . 



OAVi 'S WORK: Out Si ION: 



liRlu'S >«ORK (ON A CALL MAT OR). QUESTION? 

10.00 i .89 11.?3!)9W 
II booti 



0 

ERJC 
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Teacher Commentary 



Acklng the Queotlon 



Main Objective The sludent can ask a question appropriate tor 
a given calculation In a given context. 



tfhtfl tQ US* Any time; calculations are already done. 



Writing questions may bo a new experience for the students, so 
you may choose to ise rhls page as a whole-class discussion, with 
some time for In'* vidua Is to think o» or write down, their 
questions. Since th* work Is likely to be new, money contexts 
are used. an example for problem 91, /ou might wrl*e the 
calculations, 2 x 1.29 - 2.58 and 2.58 ♦ 2.96 - S.S6, and ask 
what question you might have had In mind (How much would 2 
bracelets and a pair of earrl~ * cost?). Some students say need 
assurance that It Is all rlgh Include another sentence If 

they can't see how to write Jo t question (Dolores bought 2 
bracelets and a pair of earring How much did she spend?). 

Joke(?)i On this pago the ans~ r Is a question. 

Follow-up can be fit Into many situations, even outside of math 
time, wnere some information Invites asking a quantitative 
question. "What's the Question?* Is a page for which students 
are to write the quest lo.., given the calculation and the context 



ftnavgro 

(Possible questions) 

1. Amy's work! How much did she pay for a pair ct earrings 
and a bracelet? 

Olonne's work: How much did she pay for 3 pairs of 
earrings and a bracelet? 

2. Pat's work i If you buy a Dal I. how much change do ycu ge< 
from Si 07 

Dave's work i How much would you pay fcr 2 books and a 
bal l? 

Greg's work i How many books can you buy for S10? 



Additional activities (Jth natural settings or as extensions)* 



Trouble spots: 



91 



WAT'S THE QUESTION? 



Dale s family has 5 rabbits. One rabbit eats 2 pounds of 

FOOO EACH WEEK. T, f FOOD COSTS W CENTS A POUNO. IT TAKES 12 
FEET OF CHICKEN WIRE TO MAKE A RABBIT PEN. DALE TAKES CARE OF 
THE RAB8.TS FOR 3 HOURS EVERY WEEK. 

5 x 2 = 10. The answer is 10 pounos. 

.MAf IS 1HE QUESTION? 



b x 2 - 10, aho 52 x 10 - 520. f he answer is 520 pounos a year. 
What is the question 9 

5?0 x 0.<»9 = 25<».8. The answer is *25*i.80 a /ear. 

What i*, the QUESTION? 

3 x 1? = 36. The answer is 36 fee of wire. 

What is the question? 

52 x 3 - 156. The answer is 136 hour^ a year. 

What is the question? — 

156 t 2<4 = 6.5. The answer is 6.5 days a year. 

What ib r question? 



6S 



Teacher Coosnentary 



Whet's the Qua a. , on? 



Wain Oh l met J vc The student can write a question for given 
etory problem work. 



When to nqe After earlier work with writing questions for 

story problems Ce.ti. , 'Asking the Question*) and 
with dealing with *Hlddan Information.* 



Hr e someone read the Information In the box. Write on "he 
board, *2 x 49 » 98. The answer Is 98 cents.* Tell the *"tudont« 
you wrotfr that because you were thinking of a question at ut the 
story. What dc they think It was? (E.g., How much would the 
food for one cost each week?) 

Since this Is a more difficult version of writing questions tor 
a sto*-y, you may want students to work In pairs or small group*. 
Some of the problems Involve "hidden* Information: itov many 
weeks In a year («3>, how many hours In a day (36), and In 94 the 
student's question will have to Introduce the 3 (e.g., how euch 
wire will It tsk« for 3 cages?) 



An ewer a 

Possibilities: 

1. How many pounds of food do the rabbits eat each week? 

2. How many pounds of food do they eat each year? 

3. How much does the food for a year cost? 

4. How much chicken wire doeo It taxe for 3 cages? 
6. How many hours does Dale work In a year? 

6. How many 21-nour days doeo Dale work In a year? 



No teg 

Additional activities (with natural settings or as extensions)! 



Trouble spots: 



Other: 



66 



Name 

HIDDEN FORMATION 
Sometimes in a story problem you have to use information that is 

NOT WRITTEN DOWN. WRITE DOWN THE "HIDDEN - INFORMATION FOR EACH 

PROBLtn. Then answer the question. 
1. There are 60 minutes in one hour. How many minutes are in a day? 
Hidden information: 

WOhK : 



7. I HI lull tGf BASKf lhAlt PlAYtP WAS 8^ INCHES TAIL. HOW MANY FEET 
1AII WA'j Hit PLAYlk 9 



HlUUiN INFUKMAIiUN 

Work : 



3. Dana uuught 2 pounds of gum drops, and Shondra bought 10 ounces 
of gum drops. How many ounces of gum drops did Dana and Shondra 
buy together? 



hi ddi n information: 
Work. 



*4. A MILE IS $280 FEE.. HOW MANY YARDS IS THAT? 



Hidden information: 
Work. 



b. Ihe PIA COLOR! I) 2b dozen eggs eor th' egg hum. How many eggs 

OH) I HEY LOIOR 9 

HlDMN IMURMAllON. 

Work 



ERLC 
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Teacher Lommenlar y 



Hidden Information 



The stuoenl can call on hidden information 
for use in slory problems 



Wb£fL_io_^2e Any lime, especially useful before first 

encounters wiir story prub'ems needing hidden 
i n f or ma i i on 



Since the point of ihis page is to alerl the students to the 
fact that information not appearing in a story problem may be 
essentia! for its solution, you might choose to have this as a 
class discussion, and skip the solutions to the problems. 

An excellent follow up is to "brainstorm" for additional hidden 
i n f oi mat i on that might De useful in problems. Relationships 
among ufMIS uf .measurement (as in »1. «2. 8J. «4) give one 
source 2000 pounds in a ton. 100 centimeters m a meter and 
other metric r e ' 31 i onsh i ps. 3t>b days in a year, . Some everyday 
terms 'as "dozen 1 in Bb) may not be familiar to all the students* 
How many in a duet. trio. pair, quartet, quintet, sexier, octet 
gross (a dozen dozen, or 144). score (as in "four score*), ream 
(as a ream of paper. 500 sheets) Some gener a I i nf ornat ion 

facts could also be useful Temperature of do. hug or freezing 
water m Fahrenheit and Celsius, federal speed limit in miles per 
hour or Kilometers per hour, normal body temperature, important 
da l es . . 



1 24 hours in a day 24 x 60 - 1440. 1440 minutes in a day. 
2. 12 inches in a fool 64 - 12 ^ V. / fe»-l tall. 

3 16 ounces in a pound *2xlo) ♦ 10 = 42. 42 ounces 

4 j feel m a yai d b280 ; J - 1/60. I /oO yards m a mile. 

2 in a dozen 2b x 12 - J00 . 300 eqgs 



HQies 

Additional activities (with natural sellings or as extensions) 



(rouble spots 
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Name 

REASONABLE NUMBERS 

Put the names of things or numbers in the blanks, use reasonable 
numbers . Then answer the question. 

1 , You want b , One of them costs . 

How much money do you neeo? 
Work: 



2. yc *)pink glasses of milk or or every 

day. how many glasses do you drink in a year? 
Work: 



3. Iisha and James ' father drives a at his work, he 

drives miles in a year. how many miles would that be 

each month? 

WORK: 



*» You have for rides at . Each f.ide 

COSTS . "HOW MANY RIOES CAN YOU TAKE? 

Work: 



5 TufRt ARE STUDENTS IN ONE CLASSROOM. PRETEND THAT EACH 

STUDENT WEIGHT POUNOS . HOW MANY POUNOS WOULO THE STUOENIS 

WEIGH ALL TOGETHER? 
WORK: 



96 
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Teacher Commentary 



Reasonable Number c 



ttfl.in QfrjecAjve. The student can supply reasonable numbers 
into familiar story problem contexts 



Wueu_ LS_ yafi Any tjme after "Hidden Information" 



Suggest ed u se 

Problem *2 uses backgrouno information not given explicitly in 
the problem but neeoeo for the soiution ("hidden" information), 
there are 365 days in a year. 

Some sharing might be fun* e.g., in 81 hearing what other 
students wanted to bu/ could be interesting. 

One thing to look for in the students' responses is the 
reasonableness of their numbers No one < probably) drinks 20 
glasses of liquid in a day. for example <*2). 



Answers 

(Numerical answers depend or the students' choices.) 

1 . Uperat ion: mu 1 1 ip I i ca 1 1 on . 

2. Operation: multiplication, 365 x 

3 Operation: division, - \<i 

4. Operation: division. Ill : 32 

b Operation, multiplication. * «2_ 



Additional activities (with natural settings or as extensions)! 



Trouble spots. 



Other 



Name 



USING EASY NUMBERS 



RtAU THIS: 

HOW MUCH TIME WILL IT TAKE A PERSON TO BIKE 11.?5> MILES, IF 
THE PERSON CAN BIKE 7.5 MILES IN ONE HOUR? (ASSUME THAT THE 
PERSON DOES NOT 6ET TIRED ANO CAN KEEP UP THE SAME SPEED.) 



Sometimes a story problem seems hard because it has unfamiliar 
numbers in it, one way to solve a problem like that is to 

1. use familiar numbers that are easy to relate, 

SEE WHAT YOU WOULD DO WITH THESE "EASY" NUMBERS, AND 
3. DO THE SAM5 THING WITH THE NUMBEKS IN THE STARTING 
PROBLEM. 



QM£ll Try easy numbers in this copy of the problem abovl: 

HOW MUCH TIME WILl IT TAKE A PERSON TO BIKE Y>r^MILES, IF 

I HE PERSON CAN 8 IKE MILES IN ONE HOUR? 

II WOUl'J TAKE THE PERSON HOURS. YOU CAN _ U,-,X,t> TO GET 

THL ANSWfcK. 

DO THE SAME THING WITH THE NUMBERS THAI WERE MARKED OUT* . 

THE ANSWER TO THE QUESTION IS - 



Try easy numbers and use a calculator to help you figure these 
oul : 

1. Gasoline costs *0. q 89 a gallon at one station. How much do 1^.6 

GALLONS COST AT 1HAT PRICE 7 
?. A PACKAGE OF ONE KIND OF MEAT WEIGHS 1.79 POUNDS AND CO^S 13.01. 

HOW MUCH WOULD ONE POUND OF THE MEAT r OST? 
3. ONE KIND OF GERM IS 0.02 CENTIMEUR1 A.ROSS. HOW MANY Of THE 

GERMS WOULD BE IN A LINE 2M CENTIMETERS LONG? 
I 4 . ON I PIRSON CAN JOG b .b MILES EACH HOUR. IF THE PERSON DOES NOT 

OLI 1IREO, HOW MANY MILIS CAN Till PfRSON GO IN ? .b HOURS 7 



ERLC 
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Teacher Commentary 



Uclng Easy Numbers 



Wain Obtectlve The student can substitute easier numbers 
In story problems. 

Materials needed Calculators 

Vhan to ua'y Any tlnvo story problems with very large numbers, 
decimals, or fractions wl II be cooing up. 



Suggested use 

Story problems with Isss famii'ar numbers-- I arge numbers, 
decimals, fractions* mixed numbers- - some t Iroes cause students 
problems. Often this trouble is caused by the students' reliance 
on the immature strategies cited In the prologue. But ouch 
numbers can cause oven adults to stop and think. Substituting 
•easy* numbers is a good Approach to such problems. 

The top half of the page should be used as an example. The 
exercises might be done by pairs, since thinking of *easy* 
numbers is a new task for students. 

Recall "easy numbers' whenever a student Is stuck on a story 
problem In the future, and the difficulty may be the numbers 
Invo I ved . 

Answers 

Examples 2, divide, 1.5, 1 .5 hours 

1. Possible easy numbersi 91 or *2, IS or 16 (gallons) 
•15.43 (Students may neea help Interpreting the 15.4284 

that a calculator will give.) 

2. Possible easy numbers* 2 (pounds), 3 (dollars) 
01.69 (Again, the calculator's 1.6815642 may puzzle 

students. > 

3. Possible easy numbers* 1 or 2 (cm), 3 <cm) 

12? (Students may doubt this answer, since they expect 

division to jive a smaller number. i3 wants to know 
how many 0.02s are In 2.64, oo 127 Is correct.) 

4. Possible easy numbers* S (miles each hour). 2 or 3 (hours) 
13. 76 ml les 

Additional activities (with natural settings or as extensions)* 
Trouble spots* 



Other * 
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Name 



KEY WORDS CAN MISLEAD YOU 

Finding a key word is not enough. You have to read the whole 
problem and think about it. tell how the underlined key words 
could mislead you. 

1. Dale sPEttl $1,25. Then Dale had 55 cents. How much did Dall 

HAVt AT THE START? 



f ACM CLASSROOM AT ONE SCHOOl HAS 32 CHILDREN. THE SCHOOL HAS 12 
UASSKOOMS. NOrt MANY CHIlUKLN ARE AT THE SCHOOL ALL TOGE T HER? 



3. (UN LilYliiiU UP HIS PIECES OF CANDY EVENLY WITH JOSE Mil) 

Uiveland. Each boy got 15 pieces of candy. How many pieces did 
Ben start with? 



<i. Flo ':as 3 i imps as much money as Lacy does. Flo has 8** cents, 
how much does Lacy have? 



5 L&Lh PERSON at the party got 2 balloons, a hat, AND 2 BOXES OF 

RAISINS. HOW MANY THINGS DID EACH PERSON GET/ 



6 Manny's mother bought somc things at the giocery story Siit gave 

THE CLERKllO AND GOT SI. 27 IN CHANGE. lli-ALU HOW MUCH O.D SHE 
SPEND AT THE STORE? 



100 
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Teacher Commentary 



Key Words Can Mislead You 



Main Obioctlva The student can reject an automatic r*eponse 
to key words 



Anv t»^e, but especially If your students seem 
to r* 1 ^ cr. Single key words In story problems 



Suooeated use 

Sometimes teachers point out the Importance of key words In 
understanding what Is Involved in a story problem. But then 
students abuse this adv.ce by skimming on! v for key words without 
any sort of thoughtful reaClng. Although s*jch a practice can 
give success on some one-step story problems. It Is much more 
difficult to apply to multi-step problems or problems with 
Irrelevant Information. 

If your students need a warning about reilanco on sole key 
words, this page might be useful. In etch case the underlined 
word Is often a key word for an operation which is qoJl 
appropriate for the problem's solution. The page might beat be 
handled In a whole-class discussion. 



Anevgra 

1. "Spent" might suggest subtraction, but addition is the 
correct operation. 

2. "All together" might suggest addition of 32 and 12. but 
multiplication Is correct. 

3. "Divided" naturally suggests division, but multiplication 
(3 x 15) is ccrrect . 

4. "Times as much" naturally suggests multiplication, but 
division Is correct. 

b. "Each" might suggest multiplication or division, but here 

addition Is al> that Is needed. 
6. "In all" might suggest addition, but subtraction Is the 

correct choice. 

Additional activities (with natural settings or as extensions)! 
Trouble rpotsi * 



Other i 



NAME 

SWLIFIED DRAWINGS, OR DIAGRAMS 

Sometimes it helps to think of a story probum with a simplified 
Dk awing, gr diagram. 



» Lit 1*1 2*1 l*4t 

oooo 




'D 




— ; — ' 


( O -) 


o-© 





IN T Ht BLANK / PUT THE LETTER Of THE BEST DRAWING FOR THE PROBLEM. 



1. 


2**8 


♦ U 




2. 


2**8 


- <4 


(TAKE AWAY ) 


3. 


2**8 


- ** 


(COMPARISON) 


i*. 


** X 


2**8 




b. 


2*#8 




(HOW MANY **S 


6. 


2*#8 


- 


( SHAR 1 NG ) 



MAKE A SIMPLIFIED DRAWING, OR DIAGRAM, FOR EACH OF THESE. 

3 x 186 8. 62.3 - '49.8 (comparison) 9. 600 - (sharing) 
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Teacher Comment ar y 



Sicipitfieo Drawings, or Dtagraj&s 



Mdiri_LLD-LCwli .*£ The student a gains more experience at linking 
diagrams ana mat hem-it i ca I expressions. 

Wi£n_li2_ya£ After you have modelled some story problems 
wi th diagrams. 

Before showing the student page, ask the students how you could 
make a stmple drawing tor a proDlem like "There were 4 -ats. 3 
were caught. How many were still tree 0 * Use dots for the rats 
to make the point that a simplified drawing does not h*ve to look 
like a rat. Then ask aDout a sinple drawing like 'There were 
1000 rats. 568 «rere caught. How manv were it i I I free 0 " U 
would clearly take too much time to draw even 1000 dots, so you 
can introduce the fur;her simplification of using a labelled 
"blob" as in the student page. It is prooaDi t a good idea to 
introduce the word "diagram - for the dot sketches and for the 
blob drawings. ("Drawing' seems to suggest something closer to a 
photogr ..ph . } 

This type of work is likely quite ne*' to the students, go you 
choose to do the first six problems i ividuaily as a whole-class 
discussion. Make the sketches on the h^ikboard and then <»sk . 
one at a time, about si. s2. etc . recording the mathematical 
expression by the eventual choice 

The 'ast th*"ee problems involve toaJsi/jg the diagram instead of 
just choosing one 



1 0 

2 E. where the arrow suggests something happening later 

3 B , si nee ccxnper ison i nvol ves two sepai ate amounts. 

4 A 
b C 
6 F 

?-9 Drawings will vary, the best answers can be presumed to 
be similar to these in tn* earlier part of the lesson The 
import an: feature is. the drawing communica*' the 

ajtion or tht * e I at i onah i p -5 



Nfiitta 

Additional activities (with natural settings or as extension) 



Trouble spots- 



Ot her 
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Name 

CHOOSING DIAGRAMS 

IN EACH BLANK/ PUT ,HE LETTER OF THE BEST OR AW ! NG FOR THE 
PROBLEM. 

1. 120 * 15 

2. 120 - 15 (TAKE-AWAY) 

3. 120 - 15 (COMPARISON) 

<«. 120 x 15 

5. 120 t 15 (how many 15s in 120?) 



6. 120 T 15 (SHARING) 







A. 




B. 


c. 






15 




120 MILES 


120 MILES 




* 

» 

^ * - 


0. 




Then llohueS 


Then 

if If 1* ana ie ©.» 

F. 




no 


Ml 




120 MILLS 


120 MILES 














? 


H Hi V ■ ^ S 

7 


(f) — - — 
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Teacher Commentary Choosing Diagrams 



Main O bjective The student has store experience in linking 
diagrams and mathematical expressions. 



Vhen to uae Aftei some work with diagrams (e«y, "Simplified 
Drawings, or Diagrams*.. 



Suflqaoted use 

Before the students see the student pafe*. do some preliminary 
work to help them distinguish between B and C and between t and 
F. Draw a segment labelled M20* on the chalkboard and ask the 
children what you have done as you mark off 4 equal pieces on the 
segment, putting <a question mark on each piece ('divided 120 Into 
4 equal parts,* getting a diagram for 120 - 4>. 

I 10 

\ | l I 1 

Leave that drawing on the board, and again draw a segment for 
120. *hlo time mark off several little pieces labelled *4* and 
then write *and so on.* What does this diagram suggest?~-how 
many 4a are In 120, or 120 H also. Contrast the two diagrams, 
and how the two uses for division give different diagrams. 

Similarly, use two drawings like E and F (with. say. 108 and 
24) to show that take-away and comparison subtractions give 
different diagrams. 

The diagrams hers are based on line segments. Such diagrams 
are more common ♦.nan "blobs.* even with quantities that are not 
really lengths Mike money). In later grades, diagrams are moat 
frequently based on line segments. 

Anovgra 

1. D 

2. F 
3 E 
A. A 

5 C 

6 B 



Additional activities (with natural settings or as extensions)' 



Trouble spot si 
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Other t 



Name 



HGW'S MY DRAWING? 

A DIAGRAM IS A SIMPLIF lEQ DRAWING. 

A DIAGRAM FOR A PROBLEM SHOULD GIVE THE I NFORMAf ION NEEDED, 
BUT NOT TAKE TOO MUCH T IME TO DRAW. 

HHAI ARE SOME GOOD AND BAD POINTS OF PAT'S, XlM'S, AND LEE'S 
DIAGRAMS? 



THfkl Vik RE ROWS OF S I XIH-GRADERS SITTING IN lVIH ROWS ON THE 

aitAciitks. Each row h\o 2h students. How many sixth-grauers 

WE RL THERE? 



Pat's diagram Kim's Lee's 




»JC*S CAT WEIGHS 9 POUNDS . US' UOG WEIGHS 52 POUNDS . HOW VUCH 
MORE DOES 1 HE DOG WEIGH THAN THE CAT? 



Pat's diagram Kim's Lee's 
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Teacher Gommen l ar y 



How' 9 My Drawing? 



The Siuaenl can give so. e criteria 
for evaluating drawings to' story problems 



Whe n £o , v< 3C In the early stages of work wi ih diagrams 



A wr.oledass discussion of a transparency of the page might be 
a good way to U ing out the points- Have someone read the 
material in the box . then the fust story, and then ask for 
op i Die. s afoul Pat s diagram Continue with the other diagrams, 
and with the second problem Use the term "diagram" often. 



i 



Pat s diagram ,s too detailed and doe3 not even include the 
numerical . n f orn.a 1 1 on . U would take too Jong to draw. 
Kim s diagram just shows 4 rows and 24 students. Qfii that 
there are 24 students in every row. 

Lee s drawing if probably the be«u ot the three. It shows 
4 rows and suggests that there are 2.A in each row. Lee 
probably did not draw 24 in every row to save time 

Pat s diagram is again loo detailed and omits the numer'cdl 
i nf ormat ion . 

Kim s diagram is all right but there is noihi .g in the 
d agram to suggest what s going on ( ih .1 the (wo amounts 
are being compared) 

Lee s draw.ng is again probably the best, shoeing the 
amounts and how Ihev might be related. 



Addition*! act. vines CwiO. natural Settings or as extensions). 



I r oub I e spot y 



Other 
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PROBLEMS -> DIAGRAMS 1 
Make a diagram for each problem. 

Francey was faster than Gil. Henry was slower than Gil. Francey 

WAb SLOwtR TMAN lAN. WHO CAME IN NEXT-TO-LAST? 



7. A f AMILY HAD *i00 MIlEb 10 (jO UN A TRIP. THEN THE Y OROVE 5 HOURS 
Al A bPfctU OF 55 MILLS EACH HOUR. HOW FAR DID THEY ST IL» HAVE TO 

bO? 



3. TntKt were 7/ ca:o parked in a parking lot. They were in 3 rows. 

TWO ROWS HAD THE SAME NUMBER OF CARS. ThE OTHER ROW HAD 2 MORfr 
CARS THAN EITHER OF THEM. HOW MANY CARS WERE IN EACH ROW' 



RA1PH HAD TWO ROLL b OF ROPE. ONE WAS 50 FEET LONG AND THE OTHER 
W4S 25 fill LONG. HE NEEDED fWO PIECES OF Rt r - EACH 2<4 FFET LONG 
TO MAKE A ROPE LADDER. HE NEEDED A PIECE 28 £T LONG TO MAKE A 
1IKL SWING IN A TREE. DID HE HAVE ENOUGH ROPE. 
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Teacher Commentary Problems - - > Dl aorta* } 

Main Objective The atudent has experience at making a 
diagram for a story problem. 

MhflU Lfl Uflfl After the students have seen sevecal diagrams 
and evaluated some ( 4 In "How' a My Drawing?"). 

Suggested use 

Review that diagrams are simplified drawings, that they should 
show the Important Information and how It is related, and that 
they should not take too long to draw. 

These problems are difficult since studsnts are reluctant to 
make diagrams for problems they can easily see how to solve. 
Accordingly, you might show an example before they start working. 

Example i (Some student) rode his/her bike 4 hours At a speed 
of 8 miles an hour, rested, and then rode another 3 hours at a 
speed of 6 miles an hour How f<r did (the student) ride in all? 
(Remarks You may have to review what *8 miles an hour" means.) 

One possible diagram* 

8 m. I mi V ~< 8*. t r.Lmu <■ 



A whole-groMp lesson might be your best choice here, since the 
students probably have not had much diagram-drawing experience. 



Possible answers 




**Add.tlonal activities (with natuial settings or as extensions)* 



Trouble spots: 
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Other i 



Name 



PROBLEMS --> DIAGRAMS 2 



Make a diagram _ or each problem. 



Al 8:00 IN THE MORNING, IT WAS 37 DEGREES . DURING THE DAY, IT 
WARMED UP BY 18 OEGREES. THAT NIGHT THE TEMPERATURE FELL 

DEGREES . What was the temperature then? 



TlU HE WIRE bh STUDlNTb SITTING ON THE BLEACHERS IN 3 ROWS, THE 
LONUsr ROW HAD 5 MORI STUDENTS IN IT THAN THE SHORTEST ROW 010. 
Tut OTHER ROW HAD 1 MORE STUDENT IN IT THAN THE SHORTEST ROW DID. 
HOW MANY STUDENTS WIRE SITTING IN EACH ROW? 



OAVE THREW THE BALL 8 FEET FARTHER THAN tOUAROO. FLIP THREW IT 
10 FEET LESS THAN EDUAROO. FLIP'S LITTLE SISTER THREW IT 20 

ieet. Dave threw it 106 feet farther than Flip's littm sisifr. 

HOW MULH FARTHER DiO FLIP THROW IT THAN HIS LITTLE S I STE R 



no 



Teacher Comment ar y 



Problems --> Diagrams 2 



MdLlQ_i2l?a£C.U,YC The student has experience ai making a 
diagram tor a story problem 



WtlCO^LQ uac After experience like "Problems 



Di agrams 



Review that diagrams are simplified drawings, that they should 
show the important information and how it is related, and that 
they should not take too long to draw. 

An example may De needed, it it has been some time since the 
students have had diagram work Here is an »-xample (Someone) 
needed » 1 9 . >6 to buy some records on wU <e. (His/her ) parents 
said it was all right if (someone) had the money. (Someone) had 
*b 8V saved up. (Someone) baby sat for 4 hours, and the people 
paid (him/her) »l 25 an hour I)id (someone) h«:ve enough? If 
not. how much more did (she/he) need 0 

One poss I bl e diagram, deve I oped i n steps . is this: 



You may decide to have small groups oi pans of students work 
on these problems. 



Pas sli cl l £_ an ay ex a 



3r 



ill') 



$*/ in All 



0 

t — . — 

f 



(It., J". »') 

io 

1 

D 

f -4 



l 0 . lot * » 2 C 
,24, . * * It l' 
I | % - to lOt ' 



^^Additional activities (with natural settings or <>3 extensions). 



Trouble b^tjts. 



Other : 




Teacher Commentarv 



From Diagrams to Numbers 



tiiUlL_Q£.L£CAi.*£ The stuaent can write a mathematical 
expression lor a gi . *n diagram. 



WtX£n...tQ uag After some work with diagrams and with meanings 
for all the operations 



This page might t>est De done in pa i r s or snid I I groups. 'f you 
hove a chart of uses ol the operations, suggest that the »?* cento 
might want to refer to it 





1 98 




29 


(comparison suDtraction) 


2 


3x2 


x 4 




(car t esi an product mu 1 t i p l icat i on ) 


3. 


U 2 


~ \ 


4 


(repeated subtraction division) 


4 


4 x 1 


65 




(repeated addition multiplication) 


5 


765 t 


3 




(sharing equally division) 


6. 


15 3/ 


4 • 


4 


7/8 



A»ld r tondl activities (with natural settings or as extensions); 
Trout>ie spots 
Other . 



Name 

STORY PROBLEMS FROM DIAGRAMS 

Write a story problem that the diagram makes you think of. 

1- **?6 MILES 

\kZ miles 



2. 




3. |ttlS fil56l56lS6l$6 l 
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Teacher Commentary btory Problems (ran Diagram* 



Mai m Up jecuvc The student can make up a 3iory problem that 
fits a given diagram 



Wh£0_ifl_i42£ Any time after some work on diagrams and after meaning* 
for operations have Deen covered 



Writing a story problem for a diagram is fairly open-ended. 
Units (miles or dollars) are given in the first two problems to 
suggest something of a context for the students. If you arc 
maintaining a chart of uses with diagrams, you might review that 
before the page. 

If some students really seem stuck, you might quietly suggest * 
context to them. 8i-a hiking trip or distances between towno or 
a story about giants. *2--shar i ng money or buying 4 of something 
or aiding money. »3--buying 7 of something or going on a trip or 
taking 56 cm steps. 

Set a tone for friendly critiquing and sha'e some of the 
problems, to see whether there is a "Mr between diagram and 
story This sort of follow-up gives further practice at 
translations between diagrams and story problems 

Collect the problems to add to your problem bank. 



1 Oi tDfl£Sl_JU) LC C£ C£ LdL-lCDa 

The diagram is intended to suggest: 

, a comparison subtraction (some students may think of a 

mUlS>LlQ*Lian comparison I how many times as far asi even though 
that type oT comparison is not used in this supplement) 

2. a sharing equally division 

3 a repeated-addition multiplication 



Additional act.v.t.es (with natura. settings or as extensions): 



TrouDle spots- 



Other 
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Appendix III 
Reports to the Grade 8 Teachers 

Cover letter 

Commented Item Report 



1)6 
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December 1986 

To: (Grade 8 Teachers involved) 

From: Larry Sowder , 

Re: Item-by-item report for the Word Problem Thinking Test 

You will recall that earlier work has shown that younger students 
frequently use "immature" strategies in solving word problems. 
Unfortunately, such limited "rules" as "times make bigger, division makes 
smaller" do give correct answers on many one-step whole-number 
problems. But life in junior high is tougher. 

The Word Problem Thinking Test gives some information on how eighth 
graders might be thinking. (The interviews should give more information.) 
Keep in mind my biases: One of the principal reasons for mathematics in 
the curriculum is to enable students to function in natural settings which 
(many) word problems represent; hence, in a calculator age we do not need 
a curriculum which yields students who can compute but don't know when 
to use what computation. 

1 . There were two forms of the test, labelled A and B here. On the copies 
you have, * on the cover = form A, and the unmarked cover = form B. 

2. Fractions on the tests were written in the bar form. They're in the / 
form here for ease of typing. 

3. Scoring was based on choice of correct operations. Hence, transcription 
errors or errors in translating (e.g., 60% = 60, or 2/3 = 2.3) were ignored. 

4. There were 9 classes tested, a total of 255 students with a 128-127 
split between forms A and B. Some of the percents do not represent 
percents of the total taking the form: in a few cases I collected the tests 
before the students had had time to work on all of the problems; these 
were ignored in the tabulation. 

5. As you can imagine, the nine classes were quite different. Six of them 
seemed to be about the same caliber; they are lumped together as "Subset 
1" : the report. The other three classes performed noticeably better; they 
make up "Subset 2." 



U7 



9 

ERIC 



65 



Word Problem Thinking Tesi 
Item-by-ltem Report 

(Problems 1 enabie a contrast of performance of decimais vs frolics, 
although the metric system might cloud any ciaims. Problems 1 3 involve 
the same contrast.) 

1 A. One Kind of germ is 0.01 5 centimeters long. How many of these 
germs would it take to make a line 0.9 centimeters long? 



All classes Subset 1 Subset 2 Your class 
Percent correct (div) 25.0 8.9 51.0 

Percent reversals 22.7 24.1 20.4 

Percent choosing x 23.4 29.1 14.3 

Percent choosing - 9.4 13.9 2.0 

1B. One kind of germ is 3/200 inch long. How many of these germs would 
it take to make a line 9/1 0 inch long? 

All classes Subset 1 Subset 2 Your class 

Percent correct 18.9 14.5 25.5 

Percent reversals 22.0 14.5 33.3 

Percent choosing x 22.0 25.0 17.6 

Percent choosing - 2.4 2.6 2.0 



Comment: The reversal error (interchanging dividend and divisor) is very 
common, for either fractions or decimals. It is disappointing that so 
many students chose multiplication. What meaning do they have for 
multiplication of fractions? Or are they choosing multiplication because 
they "know" the answers is lots, and multiplication is the tool for getting 
lots? 

******************************************************** 

(Problems 2 also allow a [clouded] contrast of mixed numeral and decimal 
performance.) 

2A. A post 12 feet long is pounded into the bottom of a river. 2 1/4 feet 
of the post are in the ground under the river. I 1/2 feet stick out of the 
water. How deep is the river at that point ? 

All classes Subset 1 Subset 2 Your class 



Percent correct + - 30.5 26.6 36.7 

Percent correct - - 21.1 8.9 40.8 
Percent choosing 

only one of + - 25.0 35.5 8.2 
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2B. A post 12 meters long is pounded into the bottom of a river. 2.25 
meters of the post are in the ground under the river, i .5 meters stick out 
of the water. How deep is the river at that point? 



Percent correct + - 
Percent correct - - 
Percent choosing 
only one of + - 



All classes Subset 1 

22.0 13.2 
13.4 6.6 

22.8 28.3 



Subset 2 Your class 

3F 3 

23.5 

13.7 



Comment: is the B version more difficult because of the metric 
measurements, or the decimals (or both)? Onr> a few students made a 
drawing for this problem. 

******************************************************** 

(A contrast of "easy" fractions vs "hard" fractions was built into #3.) 

3A. At one school 3/4 of ail the eighth graders went to one game. 
Two-thirds of those who went to the game travelled by car. What part of 
all the eighth graders travelled by car to the game? 

All classes Subset 1 Subset 2 Your class 
Percent correct (x) 11.7 6.3 20.4 

Percent choosing - 54.7 62.0 42.9 
Percent choosing div 7.8 3.8 14.3 

3B. At one school 2/5 of all the eighth graders went to one game. 
Four-sevenths of those who went to the game travelled by car. What part 
of all the eighth graders travelled by car to the game? 

All classes Subset 1 Subset 2 Your class 
Percent correct (x) 4.7 2.6 7.8 

Percent choosing - 44.9 43.4 47.1 

Percent choosing div 17.3 15.8 19.6 

Comment: Not their finest hour. Multiplication of fractions is usually 
introduced in sixth grade, so they can't claim newness. Does the "what 
part" really suggest subtraction, or have the students been doing more + - 
of fractions at this time of eighth grade? Perhaps the interviews will 
give some more information. The "hard" fractions in B had only a little 
effect. 



****************************************************** 
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(Problems 4 were for two things: does length times width overwhelm 
and do decimals < 1 present more difficulty than decimals > 1 ? Other 

\Atr\rle cat/c uae +/-> h/i+h \ 



4A. A small computer piece is shaped like a rectangle which is 0.25 
centimeters long. Its area is 0.15 square centimeters. How wide is the 
piece? 





All classes 


Subset 1 


Subset 2 


Percent correct (div) 


7.8 


1.3 


18.4 


Percent reversals 


7.8 


3.8 


14.3 


Percent choosing x 


27.3 


22.8 


34.7 


Percent choosing + 


22.7 


34.2 


4.1 


Percent choosing - 


16.4 


21.5 


8.2 



4B. A small computer piece is shaped like a rectangle which is 2.5 
centimeters long. Its area is 15 square centimeters. How wide is the 
piece? 

All classes Subset 1 Subset 2 Your class 



Percent correct (div) 


18.9 


3.9 


41.2 


Percent reversals 


4.7 


3.9 


5.9 


Percent choosing x 


29.9 


28.9 


31.4 


Percent choosing + 


19.7 


30.3 


3.9 


Percent choosing - 


5.5 


6.6 


3.9 



Comment: Problems 21 are set up similarly, with the width rather than 

the length given (fishing exposition). 
******************************************************* 

( p roblems 5 were to see how well, if covered, the minimal work in earlier 
grades on Cartesian-product multiplication is being grasped. The A 
problem is almost certain to be familiar if Cartesian-product 
multiplication has come up.) 

5A. One ice-cream store has 6 kinds of toppings, 1 8 kinds of ice cream, 
and 2 kinds of cones. How many different kinds of single-scoop cones 
with a topping could you order? 

All classes Subset 1 Subset 2 Your class 
Percent correct (x) 20.3 8.9 38.8 

Percent choosing -r 18.0 26.6 4.1 

Percent omitting 10.2 10.1 10.2 



120 



68 



5B. Eight students are running for student council president, 4 other 
students are running for vice-president, and 6 others are running for 

troacuror In hn\*/ mom/ i*/owc Q u^U M ^..xo 

.•w^wwiv inuiijf »v«jf b wuivj inc CICOUUII iui I l UUl. 



Ail classes Subset 1 Subset 2 Your class 
Percent correct (x) 6.3 2.6 11.8 

Percent choosing + 28.3 26.3 31.4 

Percent omitting 25.2 28.9 19.6 

Comment: T he difference in Subset 2's performances on the two problems 
is striking. 



*********************** 



******************** 



(Problems 6, 7, & 8 focus on "non-conservation of operation," the 
willingness of students to change their choices of operations when only 
the numbers in the problem are changed. These problems involve division; 
Problems 14-16 involve multiplication.) 

6-7-8A. Three people bought different kinds of candy in a store. 

(a) Mr. Black paid $8.64 for 3 pounds of plain fudge. How much does one 
pound cost? 

(b) Mrs. Carter paid $2.60 for 0.65 pounds of nutty fudge. How much does 
one pound cost? 



(c) Mrs. Dean paid $4.32 for 3/4 pound of fancy fudge. How much does one 
pound cost? 

All classes Subset 1 Subset 2 Your class 
Percent correct (div) (a) 89.1 82.2 100.0 

(Figures include (b) 64.1 64.6 63.2 

reversals.) (c) 53.5 51.3 57.2 



6-7-8B. Three people kept track of how much gas they used. 

(a) Mr. Black's car went 240 miles on 15 gallons of gas. How many miles 
would the car go on one gallon of gas? 

(b) Mr. Cortez' boat went 12 miles on 0.6 gallons of gas. How many miles 
would the boat go on one gallon of gas? 

(c) Miss Dean's moped went 48 miles on 3/8 gallon of gas. How many miles 
would the moped go on one gallon of gas? 



ERIC 



121 



69 



Ail classes Subset 1 Subset 2 Your class 

Percent correct (div) (a) 77.9 68.4 92.1 

(Figures include (b) 58.3 52.6 64.7 

reversals.) (c) 37.3 28.0 51.0 

Percent of all students 
doii.j all three probs 

and showrn non-con 34.8 33.3 3S.8 

Comment: Two surprises in the A problems-the decrease from (a) to (b) 
is usually about 40% but Subset 1 kept that from happening, and the 
"weaker" performance of the "stronger" Subset 2. Stronger problem 
solvers do usually exhibit greater flexibility, whicn might work against 
them here. 



************* ******************** 



(Another oecimal vs fraction contrast, Lnd an intent to see whether 
distance = rate times time dom^ates.) 

9A. An explorer travelled through 1 1/8 miles of forest in 3/4 hour. What 
was the explorer's average speed (in miles per hour) through the forest? 





All classes 


Subset 1 


Subset 


Percent correct (div) 


28.3 


17.9 


44.9 


Percent reversals 


3.1 


3.8 


2.0 


Percent choosing x 


18.9 


17.9 


20.4 


Percent choosing + 


II.8 


19.2 


0 


Percent or flitting 


16.5 


19.2 


12.2 



Your class 



9B. An explorer travelled through 1 .2 miles of forest in 0.75 hour. What 
was the explorer's average speed (in miles per hour) through the forest? 





All classes 


Subset 1 


Subset 


Percent correct (div) 


19.8 


13.3 


29.4 


Percent reversals 


20.6 


25.3 


13.7 


Percent choosing x 


27.0 


21.3 


35.3 


Percent choosing + 


5.6 


9.3 


0 


Percent omitting 


15.9 


18.7 


1 1.8 



Your class 



************************************** 
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(10A and 10b differ on two counts-context [allowance vs baseball cards] 

.u muimviSi iumii ^jflliuUib vo vvUiuoj. iwn 10 a 1 1 luuinuauui i >ji a (jiuuiCiii 

used by Marshall in an earlier study.) 

1 0A. Janet spends 2/3 of her allowance on school lunches and 1/6 on 

other food. What part of her allowance is left? 

All classes Subset 1 Subset 2 Your class 
Percent correct 15.0 2.6 34.7 
Percent only + 20.5 20.5 20.4 
Percent only- 44.1 48.7 36.7 

1 0B. Two-thirds of Pete's baseball cards are about Padres' players and 
one-sixth of them are about Angels' players. What part of his cards are 
about players on other teams besides the Padres and the Angels? 

All classes Subset 1 Subset 2 Your class 
Percent correct 14.3 6.7 25.5 

Percent only + 26.2 21.3 33 3 

Percent only- 26.2 26.7 25.5 

Comment: "Left" seems to be a persuasive key word in 1 0A! A few 
students did try a solution with a pie drawing (I counted these as correct). 

(Problems 1 1 were included as fillers and because performance by ninth 
graders in an earlier study was puzzling: about 1/5 of them chose 
division.) 

1 1 A. Les had 20 books to read. Les has read 2 1/4 of them. How many 

books does Les still have to read? 

All classes Subset 1 Subset 2 Your class 
Percent correct (-) 77.8 71.4 87.8 

Percent reversals 4.0 5.2 2.0 

Percent choosing div 5.6 6.5 4.1 

11B. Les had 20 books to read. Les has read 2 1/4 of the books. How many 

books does Les still have to read? 

All classes Subset 1 Subset 2 Your class 
Percent correc. (-) 65.6 52.7 84.3 

Percent reversals 4.0 5.4 2.0 

Percent choosing div 11.2 12.2 9.8 

Comment: Any ideas on why the B version was harder for Subset 1 ? The 

B version was included since someone looking at the earlier results 

thought that the B version would be easier. I hope to interview at least 

one student who chose division. 



71 

(Problems 12 yield easily to proportions, a topic that some of the students 
had had but one that others may not have had. Variations of each of these 
problems have been used in other studies with younger students.) 

12A. A parking lot can hold 24 buses. If 8 cars can be parked in the space 
used by 3 buses, how many cars can be parked in the parking lot? 

All classes Subset 1 Subset 2 Your class 

Percent correct 30.2 11.7 59.2 
Percent choosing an 

incorrect x only 26.2 31.2 18.4 

12B. To make 6 popcorn balls, you need 8 cups of popcorn. Pam made 24 
popcorn balls. How much popcorn did she use? 

All classes Subset 1 Subset 2 Your class 

Percent correct 36.6 18.1 62.7 
Percent choosing an 

incorrect x only 19.5 25.0 1..8 

Comment: Students using a proportion were not tabulated separately. 

********************** ******************************** 

(Problems 13 again compare performance, fraction vs decimal. Students 
having fractions in Problem 1 had decimals in Problem 13 and vice versa. 
The students should be all warmed up by now.) 

13A. How many 1/8 ounce doses of medicine are in 2/3 ounces of the 
medicine? 





All classes 


Subset 1 


Subset 2 


Percent correct (div) 


29.4 


26.0 


34.7 


Percent reversals 


20.6 


13.0 


32.7 


Percent choosing x 


7.9 


9.1 


6.1 


Percent choosing - 


20.6 


23.4 


16.3 


13B. How many 0.2 gram doses of medicine are in 0.75 grams o' the 


medicine? 










All classes 


Subset 1 


Sub ?t2 


Percent correct (div) 


61.0 


43.1 


86.3 


Percent reversals 


6.5 


9.7 


2.0 


Percent choosing x 


8.9 


11.1 


5.9 


Percent choosing - 


8.9 


2.5 


3.9 



Comment: Comparisons with Problems 1 are interesting. 

************************$******************************* 
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involve division; these involve multiplication.) 

1 4-1 5-1 6A. Some people bought gasoline that cost $0.81 9 for a gallon. 

(a) Mrs. Brown bought 9.1 gallons for her car. How much did she pay? 

(b) Mr. Cruz bought 0.39 gallon for a weed trimmer. How much did he pay? 

(c) Mrs. Davis bought 2/3 gallon for a lawnmower. How much did she pay? 

All classes Subset 1 Subset 2 Your class 

Percent correct (x) (a) 64.5 48.7 89.6 

(b) 56.6 39.2 83.3 

(c) 51.6 31.1 83.3 

1 4-1 5-1 6B. Some people bought cheese that cost $2.55 for a pound. 

(a) Mrs. Cruz bought 5.1 pounds. How much did she pay? 

(b) Mrs. Cuarte bought 0.85 pounds. How much did she pay? 

(c) Mr. Egan bought 3/5 pound. How much did he pay? 

All classes Subset 1 Subset 2 Yr jr class 
Percent correct (x) (a) 75.4 63.4 92.2 

(b) 55.7 42.3 74.5 

(c) 56.6 40.8 78.4 

Percent of all students 

doing all three and 23.5 29.8 16.7 

showing non-con 

Comment: Good news-better than students in the rest of the world on 
conservation! Bad news-Subset 1 performance on the (a) problems. Will 
they be intelligent consumers? 
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little or no work with multiplication in scaling. And for the A versions, 
they may have minimal work with percent in grade 7. Scoring was very 
liberal with respect to translation of the 60%.) 

1 7-1 8A. One kind of copy machine can reduce to 60% of the beginning size. 
1 7A. If a building in a drawing is 24 centimeters tall, how tall is the 
building in a reduced copy of the drawing? 



All classes Subset 1 Su! set2 Your class 

Percent correct (x) 31.9 22.1 45.8 

Percent choosing - 21.6 33.8 4.2 

Percent choosing div 25.0 1 7.6 35.4 



Comment: "! want something smaller than 24" and the erroneous feeling 
that only subtraction and division can make smaller may account for these 
data. 

1 8A. If a building is 1 8 centimeters wide in the reduced copy, how wide 
was it in the drawing at the beginning? 





All classes 


Subset 1 


Subset 


Percent correct (div) 


11.3 


3.0 


22.9 


Percent reversals 


3.5 


4.5 


2.1 


Percent choosing x 


33.9 


22.4 


50.0 


Percent choosing - 


13.4 


22.4 


2.1 


Percent choosing + 


6.1 


9.0 


2.1 



Comment: Similarly, the realization that something greater than 18 was 
needed and the erroneous "times makes bigger" may have affected the 
choice. 

1 7-1 8B. One kind of copy machine can reduce to 2/3 of the beginning size. 
1 7B. If a building in a drawiny is 24 centimeters tall, how tall is the 
building in a reduced copy of the drawing? 



All classes Subset 1 Subset 2 Your class 
Percent correct (x) 10.8 11.4 10.0 
Percent choosing - 27.5 32.9 20.0 
Percent choosing div 40.0 25.7 60.0 



Comment: As for 17A. 
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18B. If a building is 18 centimeters wide in the reduced copy, how wide 

was it in the drawing at the beginning 

AN ciasses Subset 1 Subset 2 Your ciass 

Percent correct (div) 7.5 7.1 8.0 

Percent reversals 1 .7 1 .4 2.0 

Percent choosing x 38.3 1 8.6 66.0 

Percent choosing- 10.0 17.1 0.0 

Percent choosing + 1 4.2 1 2.9 1 6.0 

Comment: Asfor17B. 

***** *************************************************** 

(Variations of Problem 1 9A have been used in other studies. It was 
included here as filler and because it is a two-step problem of some 
difficulty and includes attractive irrelevant information. 1 9B was 
included to see whether a repeated-subtraction division would be easier 
than the sharing division of 19A.) 

1 9A. A carpenter has a board 1 00 inches long and 8 inches wide. He makes 
4 identical shelves and still has a piece of board 10 inches long left over. 
How long is each shelf? 

All classes Subset 1 Subset 2 Your class 
Percent correct (- div) 1 6.5 6.0 31 .2 

Percent omitting 20.9 23.9 16.7 

% using irrel info 41.7 46.3 35.4 

1 9B. A carpenter has a board 1 00 inches long and 8 inches wide. He makes 
some shelves that are 22 1/2 inches long, and still has a piece of board 10 
inches long left over. How many shelves did he make? 

All classes Subset 1 Subset 2 Your class 
Percent correct (- div) 4.2 1 .4 8.2 

Percent doing 1 00 

divided by 22 1/2 29.2 1^5 49.0 

Percent omitting 17.5 26.8 4.1 

% using irrel info 15.0 22.5 4.1 

Comment: Isn't the percent using the irrelevant 8 inches in 1 9A 
phenomenal? And only about a third of those using it seemed to have area 
or perimeter in mind. As I recall, no one made a drawing for either 
problem, even amor^ those with nonroutine problem solving experience. 
19B wasn't as informative as I had hoped, since the single division could 
give the solution if the calculation were interpreted correctly (as you 
probably know, Dr. Silver has done some work showing that correct 
interpretations are not to be assumed). 

******************************************************* 
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(Problems 20 involve percent, so the possible unfairness noted earlier 

90nlieS hfirP The twn nmhlomc in\/nl\/o ni imhorc /->{ /-Ufforor"< + m »■» /i .-.,'+, ,,-J,-.^ 

I I ^ • ' • V ^•Vwl9illw II I I WIT© IIUIMWWIO Wl UIIIUIVIIl I I I dy I I I I U\J ^ w 

to see how that might affect choices. Again, scoring treated abuses of 6% 
liberally--e.g., 6% = 0.6 was not marked down if the student indicated 
multiplication.) 

20A. The bill for a meal at a restaurant was $2.90, plus sales tax. The 
sales tax is 6%. How much does the sales tax add to the bill? 



All classes Subset 1 Subset 2 Your class 

Percent correct (x) 51.7 41.2 66.7 

Percent choosing + 14.7 20.6 6.2 

Percent choosing div 15.5 13.2 18.2 

Percent omitting 8.6 13.2 2.1 



20B. The bills for all the meals at one restaurant added up to $1 2,1 85.80, 
plus sales tax. The sales tax is 6%. How much does the sales tax add to 
the total? 

All classes Subset 1 Subset 2 Your class 
Percent correct (x) 57.8 43.3 77.6 

Percent choosing + 7.8 11.9 2.0 

Percent choosing div 12.9 11.9 14.3 

Percent omitting 12.9 20.9 2.0 



Comment: Why division? Poscibly the sense that the sales tax will be an 
amount smaller than the bill, and division makes amounts smaller. 

(Problems 21 are companions to Problems 4. They enable a contrast of 
pe,formance with decimals > 1 and decimals < 1 , and an examination of a 
possible over-influence of A = Iw.) 



21A. A rectangular strip of cloth is 4.5 meters wide. Its area is 1.8 
square meters. How long is the strip? 

All classes Subset 1 Cjbset 2 Your class 



Percent correct (div) 


6.1 


0.0 


14.9 


Percent reversals 


11.4 


1.5 


25.5 


Percent choosing x 


32.5 


34.3 


29.8 


Percent choosing + 


17.5 


28.4 


2.1 


Percent choosing - 


9.6 


11.9 


6.4 
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21 B. A rectangular strip of cloth is 0.45 meter wide. It? area is 0.18 

QHliarO motor l-ln\A/ Innn ic *l-»o c + i-irvO 

iit^wi. i ••www ivi ly io i o oiup: 

All classes Subset 1 Subset 2 Your class 



Percent correct (div) 8.0 4.6 12.5 

Percent reversals 18.6 10.8 29.2 

Percent choosing x 28.3 24.6 33.3 

Percent choosing + 19.5 27.7 8.3 

Percent choosing - 7.1 10.8 2.1 



Comment: The "stronger" Subset 2 students reverse a lot. Are they 
thinking incorrectly, or are the reversals a result of the two division 
forms? (Teachers have commented that the fraction form for division 
helps students avoid reversals.) The "times" in the area formula does 
seem to influence students. 

(Problems 22 allow a study of fraction vs decimal again, and like Problems 
9, of whether the "times" in d = rt has undue influence. They also include 
attractive irrelevant information.) 



22A. During part of a 80-mile trip, a hiker walked through 20 miles of 
hills at a speed of 0.8 miles an hour. How much time did it take him to 
walk through the hills? 

All classes Subset 1 Subset 2 Your class 
Percent correct (div) 10.6 1.51 23.4 

Percent choosing x 24.° 12.1 42.6 

Percent using irr info 32.7 43.9 17 0 

Percent omitting 18.6 27.3 6.4 



22B. During part of an 80-mile trip, a hiker walked through 20 miles of 
hills at a speed of 4/5 miles an hour. How much time did it take him to 
walk through the hills? 

All classes Subset 1 Subset 2 Your class 
Percent correct (div) 8.0 4.6 12.G 

Percent choosing x 25.9 10.8 46.8 

Percent using irr info 38.4 43.1 31.9 

Percent omitting 19.6 30.8 4.3 



Comment: It looks as though students could use more exposure to 
problems with extra information especially when it is "attractive." It is 
interesting that the "stronger" Subset 2 students seem to be more 
influenced by the multiplication in d = rt than do the Subset 1 students. 



ERIC 



129 



77 



Appendix IV 

Reports to the Grade 6 Teachers 

Cover letter 
Summary 

Strategies Students Use in Solving Story Problems 
Report by Item 
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COLLEGE OF SCIENCES 

SAN DIEGO STATE UNIVERSITY 

SAN DIEGO CA 92182 

(619) 265-6191 



August, 1987 



Dear (class code )-- 

Last year you helped in the evaluation of some supplementary materials for story problems. The 
enclosed represent some of the results, the ones I thought you would find of greatest interest: 

1. A summary of the findings. 

2. An overview of the strategies that students use, with some quotes from the interviews. 

3. Story problems written by your students, for 3x6 (#19) and 42+3 (#20). Besides being of 
interest to you, these might serve as examples, both good arid bad, when you have new students 
write story problems. 

4. An item-by-item report for the posttest, with the percent correct for all students and the 
perceni correct for such students from your class only. The whole group of students represents 
quite a range, from GATE students to less talented or motivated students, but the results may give 
you an idea as to how your students stacked up against some other sixth graders in San Diego. 

I hope the enclosures are of as much interest to you as they are to me. If there is other information 
on the results that you would like, let me know. Let me mention again that all the results in reports 
to others are coded, so that schools, students, and teachers cannot be identified. 

Thank you so much for your cooperation and assistance last year. Best wishes for another good 
school year. 

Sincerely, 



Larry Sowder 
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SUMMARY 



1. Students who used the supplementary materials performed better statistically than 
those who did not. ( :: iruth-in-research-reporting" cautions: The difference was not 
earth-shaking; getting a quite substantial improvement probably takes more than a year. Also, 
whether the better performance is due to the materials could be argued; perhaps just the additional 
attention--in quantity or in quali v -to problem solving was the reason.) You are, of course, free to 
use anything from the materials you wish. No doubt how you use supplements is as important as 
what sort of supplement you use. Those of you using the new bocks will find that they have some 
of the things used in the materials-for example, guidance on choosing the operation in a story 
problem* 

2. The strategies students use will quite often break down when the problems 
become even slightly more complicated. For example, many students seem to use a 

strategy in which their judgment of the size of the answer, rather than their thinking about what son 
of situation: die operations fit, dictates what operation they choose. This strategy is quite effective 
on one-step story problems with familiar-in-size whole numbers; it is quite difficult to carry out 
with multistep problems, or problems with large whole numbers or fractions or decimals for which 
the student may have litde "feel." In particular, the "multiplication makes bigger, division makes 
smaller" idea from whole-number work can misguide a stude:.t when numbers less than 1 are 
involved. 

The thrust of the project materials was to emphasize the uses of the operations, thereby giving the 
students a reliable method to use in choosing the operations for story problems. To keep students 
from adopting, or continuing to use, the less mature strategies, one might try a combination of 
several things: a. Routinely have students give reasons for their choices of operations ("I used 
division because it wants to know how many 3.5s are in 1260" rather than "I divided because I 
wanted a smaller number 1 '), b. Include more multistep problems and problems with irrelevant 
information in the curriculum, since such problems work against the success of some of the 
immature strategies, c. As a reminder that each of the operations fits certain types of situations, 
have students make up story problems for given computational expressions (this also serves as a 
diagnostic), d. Even sixth graders can profit from work with diagrams or concrete materials in 
connection with the uses of the operations. 
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STRATEGIES STUDENTS USE 
IN SOLVING STORY PROBLEMS 

Here is a list of the most common strategies that have been observed as students solve story 
problems during interviews. Since in most cases last year the interviews were with students who had 
shown a good improvement from the fall test, no interviewee used either of the first two strategies. 
These two strategies are included since they have been observed with other sixth graders. Excerpts 
from interviews wiL. sixth graders illustrate the other strategies. 

Strategy 1. Find the numbers and add. (Besides these "automatic adders" there are also occasional 
"automatic multipliers," etc.) 

Strategy 2. Guess at the operation to be used. (What has been practiced recently in class often 
seems to have an influence on the choice.) 

Strategy 3. Look at the numbers; they will "tell" you what to do. 

Example: (S = student; I = interviewer) 
I: Why did you think of divide? 

S: That's usually what I think of when I see a big number and a one-digit number. I just try 
to divide. 

Strategy 4. Try all the operations, +, -, x, and choose the answer that is most reasonable. 

Example: 

I: How did you figure it out...? 

S: Well, I did all the possible ways. I added, I multiplied, I subtracted, and then I got to 
division, I found out that was the best way. 

I: How did you know it was the best way? 

S: Because some of them came out too much or not much. 

I: You went ahead and figured out the answers completely? 
S: Yes. 

Another example: 

I: Now what made you think of this (subtraction)? 

S: Well, nothing else would work. Adding wouldn't work. Multiplying wouldn't work. So, 
and dividing wouldn't work, so right away that only left one thing....(It is not clear that S actually 
performed the rejected calculations. Our most striking example has been an Illinois seventh grader 
in a gifted program who used this strategy, carrying out the calculations and then making her 
choice.) 

Strategy 5. Look for isolated "key words" to tell what operation to use. (As you know, the spirit 
of "key words'-think about the situation-is all right, but students abuse the advice by looking onlv 
for the key words.) 

Example: [Correct operation: multiplication, 12x36] 
S: ...so you plus 'em up. [12 + 36] 
I: How do you know? 
S: 'In all. 1 
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It larger, consider both + and x, and choose the more reasonable. If smaller, consider both - and - 
and choose the more reasonable. 

Example: 

S: Well, I would think that you have to subtract, because, er, it'd either be a subtract or, urn, 
division, and then one that sounds right would be the subtraction. 



Strategy 7. Choose the operation which fits the story. 
Example: 

S: Cause they sold this much and had to throw away this much, and so, you'd probably add 
those together. 

Example: 

S: ...see, I figured that if he had a 200 inch board, and he has a piece that is 36 inches left, you 
just subtract that... 

Example: 

S: ..so you have to, either add 36 twelve times or you can times 12 times 36. 

Example: 

I: How come divide? 

S: You need to see how many, um, how many 36 cents you can get into 6 dollars. 

Example: 

I: How come divide? 

S: Divide 90 by 6 to find out how many times 6 goes into 90. 
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REPORT BY ITEM 
AI! Classes, Pretest and Posttest 
(299 Students Taking Both) 



(Note: The Comments here were retained from a report-to-teachers form, which included the 
posttest results for a given teacher's class instead of the pretest results.) 



ONE-STEP MULTI PLICATION ITEMS (See also #16 and #17.) 

1. A store has 12 big boxes of cat food. There are 36 cans of cat food in each box. How many 
cans of cat food are there in all? 



Pretest percents Posttest percents 

Correct 65.9 73.2 

Incorrect + 25.4 14.4 

Incorrect - 0.7 0.3 

Incorrect * 6.4 10.0 

Incorrecdy checked "missing information" 1 .3 0.3 

Other ("don't know," omit,...) 0.7 1 .7 



Comment: The students (about 1 in 7) who chose addition may be misusing such "key 
words" as "in all." Such misuses are the reason that the use of a key word approach is not 
recommended. The 10% of the students who cnose division may be us^rs of the "let the 
numbers tell you what to do" strategy or are focussing on the "each" in the problem statement. 



7. A bag of snack food has 4 vitamins and weighs 228 giams. How many grams of snack food 
are in 6 bags? 



Pretest percents Posttest percents 

Correct 60.5 64.5 

Incorrect + 2.3 3.3 

Incorrect - 0.3 0.3 

Incorrect -s- 6.7 5.0 

Incorrecdy checked "missing information" 5.4 5.0 

Used irrelevant information 21.7 15.4 

Other ("don't know," omit,...) 3.0 6.4 



Comment: It is disappointing that nearly one in six students used the irrelevant 4 from the 
problem. Are we giving them too few story problems with irrelevant information? 
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10. A store has notebooks in these colors- reH. Hue. 

can have paper with holes or without holes. H * many different kinds of notebooks could 
you buy at this store? 



_ Pretest percents Posttest percents 

Correct 20.7 37.1 

Incorrect + 22.7 23 1 

Incorrect x 0.3 0J 

Incorrect + 1.0 0.0 

Incorrectly checked "missing information" 25.4 17.1 

Out of time 0.7 07 

Other ("don't know," omit,...) 29.1 2L4 



Comment: This item involves a different use of multiplication, in counting "combinations" 
(the Cartesian product view). Your text may not have given any attentio., to this use of 
multiplication (some do in *he .orm A tree diagrams), so you can judge whether this was fair 
for your students. It was encouraging that the experimental students, perhaps because of their 
use of the relevant pages from the experimental materials, did substantially better on this item 
than the overall figi \. Sixth graders can handle this typ^ of multiplication (some literal 
interpreters of Piaget might assert that only older children can). Note that more than one in six 
students checked "needed information Is missing"; is this because no numerals appear in the 
problem statement? 



ONE-STEP D IVISION ITEMS 

2. A parking lot has 54 cars in all. The cars are in 3 equal rows. How many cars are in each 
row? 



Pretest percents Posttest percents 

Correct 71.2 88.3 

Incorrect + 4 j 2.7 

Incorrect - 0.7 0.0 

Incorrect 15.1 54 

Incorrectly checked "missing information" 5.4 2.0 

Other ("don't know," omit,...) 3.0 0.7 



Comment: Good performance. Students during the interviews, however, did not seem able 
to give any generic description of why division should be used here (such as, "all the -\rs have 
been put into 3 equal amounts"). 
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inches high and costs 96 cents. How many rows of tiles will it take to cover the wall? 

Pretest percents Posttest percents 

Correct 39.5 47.5 

Incorrect + 2.7 1.3 

Incorrect x 22.4 15.7 

Incorrectly checked "missing information" 17.1 20.1 

Used irrelevant information 9.7 5.4 

Other ("don't know," omit,...) 8.7 10.0 

Comment: From the interviews it was clear that some students thought the total number of 
tiles to cover the whole wall was sought, and they realized that the length of the wall was 
needed to do that. So perhaps the performance here is somewhat better than the figures might 
suggest. Restively few students "bit" on the irrelevant 96 cents. But why did almost 
one-sixth of the students want to do 6 x 90? Do questions about walls usually involve area, in 
their experience? Note that #6 involves the measurement use of division (how many 6s in 90?) 
rather than the partitive use, as in #2 (how many in each, if 54 are split equally among 3?) 

12. One piece of paper is 12 inches wide. It has a total c'96 smiley faces in equal lines on it. 
There are 6 lines of faces. How many smiley faces are in each line? 

Pretest percents Posttest percents 

Correct '7..1 51.2 

Incorrect + 2.0 1.3 

Incorrect - 2.0 0.3 

Incorrect x 13.4 7.7 

Incorrectly checked "missing information" 5.7 7.4 

Used irrelevant information 22.7 17.1 

Out of time 0.3 1.3 

Other ("don't know," omit,...) 1 1.7 13.7 

Comu.ent: Again, a disappointing number of students used the irrelevant number, 12. 

15 A package of 12 s'^kers costs 36 cents. How many packages can you buy for $6.00? 

Pretest percents Posttest percents 

Correct 10.5 51.8 

Incorrect + 3.3 0.7 

Incorrect- 2.3 1.7 

Incorrect x 8.7 4.7 

Incorrect + 0.3 0.7 

Incorrectly checked "missing information" 4.0 2.3 

Used irrelevant information 3 1 .8 29.8 

Ou' of time 1.0 1.7 

Other ("don't know," ± .t,...) 8.0 6.7 
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Comment: The extraordinary nerrent usin? the irrelevant informa 

puzzle. Surely the context, buying items, islfamiliar to the students. The four one-'step 

division items show no particular pattern when performances on the measurement pair (#6 and 

#15) and on the partitive pair (#2 and #12) are compared, except that irrelevant information 

may be quite seductive and that context is influential (as in contexts where area rrueht be 

pertinent). 

TWO-STEP ITEMS 

4. An empty truck weighs 9600 pounds. The truck has 8 cars on it. Each car weighs 3 100 
pounds. What is the total weight of the truck and cars? 



Pretest percents Posttest percents 

Both steps (x, then +) correct 43.1 60.5 

Incorrect + as first step 33.8 18.7 

Only first step correct 8.4 7.7 

Incorrectly checked "missing information" 1.3 1.0 

For 2nd step, other (usually omitted) 52.2 35.8 
(Percents represent the two steps, so do not sum to 100.) 



Comment: Many curricula do not give a lot of work with multistep problems, so 
performance here may be understandable. Students who started the problem with 9600 + 
3 100 stopped there. Son of these were interviewed and almost always gave a corrected 
solution when the M 8 cars' was pointed out. 



8. A carpenter has a board 200 \nc\ slong. He makes 4 identical shelves and still has a piece of 
board 36 inches long left over. i jw long is each shelf? 



Pretest percents Posttest percents 

Both steps (-, then +) correct 9.4 2\4 

Incorrect + as first step 36. 1 37.8 

First step only correct 8.7 6.0 

Incorrectly checked "missing information" 9.0 10.0 

For 2nd step, other (usually omitted) 75.9 63.2 
(Percents represent the two steps, so do not sum to 100.) 



Comment: The most common error was to choose only 200 + 4, ignoring the (reWant) 36 
inches left over. Although only about one in five were completely successful on the problem, 
that is about twice as many as were successful on the pretest in ti:e fall. Variants of this 
problem have been used in other research studies and are quite difficult. From the interviews, 
"missing information" students wanted to know the width of the board; students who were 
asked to make a drawing for the problem recognized that 200 + 4 was incorrect and then 
succeeded in solving the problem, although occasionally r« eding prompting. 
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i i. To make 6 popcorn bails, you need 8 cups of popcorn. How much popcorn would >ou need 
to make 24 popcorn balls? 



Pretest percents Posttest percents 

Both steps (+ x) correct 16.1 274 

Incorrect x as first step 34.8 30.4 

Incorrect + as first step 1 6. 1 1 1 .0 

First step only correct 5.3 4.7 

Incorrectly checked "missing information" 5.4 4.3 

r'or second step, other (usually omitted) 71.9 59.9 
(Percents represent the two steps, so do not sum to 100.) 



Comment: This problem was on the test just-to-see: A problem like this is usually 
encountered in the curricuh m only when ratios and proportions are treated, even though it is 
do-able without proportions. (The supplementary materials do not give extra work on 
proportions.) The common first step of 8 x 24 was curious, and defended daring interviews 
by "you would need more popcorn." A drawing for the problem usually helped an 
interviewee (there is software under development which provides drawings for Similar 
problems). 



13. A roll of film costs $1.80. You can take 12 piaures with a roll. Then it costs 35 cents to get 
each picture developed. What wiii l>" the cost for film md development for 12 pictures? 



P rotest percents Posttest percents 
Both steps (x, the +) correct 20.7 31.1 
Incorrect — first s.ep 30.1 23.7 
First step ~or~ t 26.1 30.1 
For 2nd e. ' usually omitted) 74.2 63.5 



Comment, uring interviews, students who had chc^n only 12 x 35 as a solution most 
often gave a corrected solution when the question was emphasized. 



MULTIPLICA TION INVOLVING DECIMALS (One Step) 

16. One kind of cheese c^ts $2.60 a pound. A package of the cheese weighs 4 pounds. How 
much does this pack of cheese cost? 



Pretest percents Posttest percents 

Correct 66.9 72.6 

Incorrect + 4.7 3.3 

Incorrect- 1.7 0.3 

Incorrect + 8.4 6.7 

Incorrecdy cnecked "missing information" 13.0 9.7 

Out of time " 1.7 1.3 

Other ("don't knew,' omit,...) 3 J 6.0 
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Comment; Thj<; nrohlem wac inrluHpH hprnucp nf j£17* thic nur rpnrpcpnt in ovnl^rot.^n ~f ^ 

phenornjnon that you may have noticed even with older students (and researchers have found 
fairly prevalent even among adults!): Students who correctly choose multiplication on #16 
may then choose some other operation on #17, even though the context is exactly the same. 
All that is changed is the amount of cheese bought, from 4 pounds to 0.65 pounds. Such 
students realize that less than $2.60 is needed in #17, but are guided by the "multiplication 
makes bigger, division makes smaller" principle that holds only for whole numbers (ignoring 0 
and 1, which rarely appear in story problems.) Hence, they opt for division or subtraction. 
Such behavior is understandable with sixth graders, whose multiplication experience has been 
predominantly with whole numbers. The supplementary materials included work on this 
topic, so #16 and #17 were included. Lessons for us are ( 1) not to emphasize or encourage a 
"multiplication makes bigger, etc." approach and (2) when multiplication with factors less than 
1 is introduced and practiced, to emphasize that such mu'tiplications can tell us how much part 
of an amount is. For example, 0.9 x 12.3 can tell us how much 0.9 of 12.3 is. 

None of the students interviewed had chosen "needed information missing" so I have no 
explanation for why about a tenth of the students chose that option. It should be mentioned 
that 66.9% of the students were successful on #16 at the time of the pretest. 



17. One kind of cheese costs $2.60 a pound. A package of the cheese weigh:. 0.65 pound. How 
much does this package of cheese cost? 



Pretest percents Posttest percents 

Correct 29.1 39.8 

Incorrect + 10.4 7.0 

Incorrect - 5.0 3.3 

Incorrect x 0.7 0.3 

Incorrect -s- 18.4 17.1 

Incorrecdy checked "missing information" 15.1 13.4 

Out of time " 2.0 1.3 

Other ("don't know," omit,...) 19.4 17.7 



Comment: (See the comment after #16 if you skipped it.) Note the drop from 72.6% in #16 
to 39.8% here, and the 10+% increase in choices of division. S"idents during interviews 
rightly rejected subtraction because "subtracting pounds from money doesn't make sense." 
Since many of the students may not have encountered multiplication with a decimal less than 1, 
the increase in "I don't know" choices is understandable. Again, the interviews gave no 
insight into the cne-in-eight choices of "needed information is missing." 
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FILLER IT EMS (t j avoid a muUiplication/division set) 

3. Mr. Jones lost 15 pounds on a 2-month diet. Now he weighs 217 pounds. How much did he 
weigh before the diet? 



Pretest percents Posttest percents 

Correct 66.6 75.6 

Incorrect - 13.7 5.7 

Incorrect x 2.0 1.3 

Incorrect * 2.3 1.7 

Incorrectly checked "missing information" 6.7 7.7 

Used irrelevant information 5.4 3.3 

Other ("don't know," omit,...) 3.3 4.7 



Comment: This filler item was included to see whether what is regarded as a "subtracting" 
situation, losing weight, would sway the students toward a choice of subtraction. 



9. A store bought some bananas in 24-pound boxes. It sold 189 pounds of them and had to 
throw away 27 pounds. How many pounds did the store buy? 



Pretest percents Posttest percents 

Correct 23.1 32.1 

Incorrect - 8.7 6.7 

Incorrect x 1.7 1.3 

Incorrect + 1.0 1.7 

Incorrectly checked "missing information" 18.1 21.1 

Used irrelevant information 34. 1 22. 1 

Out of time 0.0 1.0 

Other ("don't know," omit,...) 13.4 14.0 



Comment. Again, this filler was included to see whether a "throw away" context would lead 
students to choose subtraction incorrectly. Note that the irrelevant information here is much 
more attractive than the irrelevant information in #3. Performance is actually "better" than the 
numbers indicate since some students correctly used the irrelevant 24 in answering a different 
question. How many boxes did the store buy? During an interview, one student defended the 
choice of "needed information is missing" by saying that the problem did not say how many 
boxes had been bought, thus showing a mind-set on an alternate solution. Another student 
said that how many pounds the store bought (which is the question of the problem) was 
missing. 
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14. There were 270 students at the first anme That 
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second game, and 18 more than at the third game. How many students were at the second 
game? 



_ Pretest percents Pos^est percents 

Correct 29.1 47.8 

Incorrect + 35.5 28A 

Incorrect - q 3 q 7 

Incorrect + \j q'j 

Incorrectly checked "missing information" 4.0 6 A 

Used irrelevant information 16.7 8.4 

Out of time 0.7 1.7 

Other ("don't know," omit,...) 9.4 6^0 



Comment: "More than" can signal addition to students who relv solely on key-words, so this 
filler item was included. 

5. Lee read 45 pages on Monday, 33 pages on Tuesday, and 36 pages on Wednesday. How 
many more pages does Lee have to read to finish the book? 



Pretest percents Posttest percents 

Correct (Needed information is missing) 76.6 83.9 

Incorrect + 18 4 9.1 

Incorrect - 2.3 2.3 

Incorrect x 0.0 0.7 

Incorrect + q q q 7 

Other ("don't know," omit,...) 2.1 2.1 



Comment: This is the only item on the test for which "needed information is missing" was 
the correct choice. Even though such an option is probably a new experience for students, 
they performed well, with the 9.7% choosing addition perhaps answering the question that 
would be expected: How many pages did Lee read in all on those days? 

DIAGRAM 

18. Circle the best drawing for showing 8 x 4: 



Pretest percents Posttest percents 

Correct (8 segments with top labelled 4) 38.5 51.2 

Choice A (adjacent segments, one 8, one 4) 12.7 10.7 

Choice B (segment marked 8 over one marked 4) 21.1 1 6. 1 

Choice D (segment marked 8 cut intc 4 pieces) 8.0 9.4 

Choice E (segment marked 8 with 4 arrow to leu) 8.0 7.4 

None or no answer 1 1 .7 3.3 
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Comment: Diagrams and drawings are so helpful in problem solving and in later 
mathematics that the supplementary material contains work with them. Typically text 
treatments give no student exercises in which the student is required to make a diagram or 
drawing. Choice B may have been relatively popular since it is the closest to the algorithm 
form; similarly, choice A is closest to the horizontal form 8x4. 

STUDENT-WRITTEN PROBLEMS 

19. Make up a story problem that would need 3 x 6 to figure it out. 

Pr etest percents Posttest percei is 

Correct 44.1 59.5 

Other (incorrect, omit,...) 55.9 40.5 

20. Make up a story problem that would need 42 -5- 3 to figure it out. 

Pretest percents Posttest percents 

Total correct 35.5 50.4 

Correct (partitive) 29.8 43.1 

Correct (measurement) 5.4 7.0 

Other correct (e.g., area) 0.3 0.3 

Incorrect 64.5 49.5 

Comment: Knowing that other researchers have found an even lower percent able to write a 
story problem for a computation form makes the figures for #19 and #20 a little encouraging 
(and up about 15% in each case from the fall pretest). Even so, that 2 out of 5 sixth grade 
students cannot write such a story problem makes one wonder what their understandings of the 
multiplication and division concepts are. It was also disappointing to find that many of the 
correct problems were unimaginative and stereotypic; perhaps instructions like "MaJce up an 
interesting story problem..." or "Make up a different kind of story problem..." might have 
provoked a little more creativity rather than a reliance on the "safe" textbook kind. 



143 



